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Abstract
The conventional paradigm in speech trans-
lation starts with a speech recognition step
to generate transcripts, followed by a trans-
lation step with the automatic transcripts as
input. To address various shortcomings of
this paradigm, recent work explores end-
to-end trainable direct models that translate
without transcribing. However, transcripts
can be an indispensable output in practical
applications, which often display transcripts
alongside the translations to users.
We make this common requirement explicit
and explore the task of jointly transcribing
and translating speech. While high accu-
racy of transcript and translation are cru-
cial, even highly accurate systems can suf-
fer from inconsistencies between both out-
puts that degrade the user experience. We
introduce a methodology to evaluate con-
sistency and compare several modeling ap-
proaches, including the traditional cascaded
approach and end-to-end models. We find
that direct models are poorly suited to the
joint transcription/translation task, but that
end-to-end models that feature a coupled in-
ference procedure are able to achieve strong
consistency. We further introduce simple
techniques for directly optimizing for con-
sistency, and analyze the resulting trade-offs
between consistency, transcription accuracy,
and translation accuracy.
1 Introduction
Speech translation (ST) is the task of translating
acoustic speech signals into text in a foreign lan-
guage. According to the prevalent framing of ST
(e.g. Ney (1999)), given some input speech x, ST
seeks an optimal translation tˆ ∈ T , while possibly
marginalizing over transcripts s ∈ S:
tˆ =argmax
t∈T
{P (t | x)} (1)
≈ argmax
t∈T
{∑
s∈S
PMT (t | s)PASR (s | x)
}
.
According to this formulation, ST models pri-
marily focus on translation quality, while tran-
scription receives less emphasis. In contrast, prac-
tical ST user interfaces often display transcripts to
the user alongside the translations. A typical ex-
ample is a two-way conversational ST application
that displays the transcript to the speaker for verifi-
cation, and the translation to the conversation part-
ner (Hsiao et al., 2006). Therefore, there is a mis-
match between this practical requirement and the
prevalent framing as described above.
While traditional ST models often do commit to
a single automatic speech recognition (ASR) tran-
script that is then passed on to a machine transla-
tion (MT) component (Stentiford and Steer, 1988;
Waibel et al., 1991), researchers have undertaken
much effort to mitigate resulting error propagation
issues by developing models that avoid making de-
cisions on transcripts. Recent examples include
direct models (Weiss et al., 2017) that bypass tran-
script generation, and lattice-to-sequence models
(Sperber et al., 2017) that translate the ASR search
space as a whole. Despite their merits, such mod-
els may not be ideal for scenarios that display
both a translation and a corresponding transcript
to users.
In this paper, we replace Eq. 1 by a joint tran-
scription/translation objective to reflect this re-
quirement:
sˆ, tˆ = argmax
s∈S,t∈T
{P (s, t | x)} . (2)
This change in perspective has significant impli-
cations not only on model design but also on eval-
uation. First, besides translation accuracy, tran-
scription accuracy becomes relevant and equally
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Transcr. And I could sort of replay some stuff
that I was looking at earlier today.
Transl.
I
Ich
could
konnte
any
irgendwelche
things
Dinge
replace
ersetzen,
that
die
I
ich
today
heute
earlier
vorhin
viewed
schaute.
Figure 1: Example of lexical inconsistencies we en-
countered when generating transcript and translation
independently. While the transcript correctly contains
replay, the German translation (mistakenly) chooses
ersetzen (English: replace). The inconsistency is ex-
plained by the acoustic similarity between replay and
replace, which is not obvious to a monolingual user.
important. Second, the issue of consistency be-
tween transcript and translation becomes essen-
tial. For example, let us consider a naive approach
of transcribing and translating with two com-
pletely independent, potentially erroneous models.
These independent models would expectedly pro-
duce inconsistencies, including inconsistent lexi-
cal choice caused by acoustic or linguistic ambi-
guity (Fig. 1), and inconsistent spelling of named
entities (Fig. 2). Even if output quality is high
on average, such inconsistencies may considerably
degrade the user experience.
Our contributions are threefold: First, we in-
troduce the notion of consistency between tran-
scripts and translations and propose methods to
assess consistency quantitatively. Second, we sur-
vey and extend existing models, and develop novel
training and inference schemes, under the hypoth-
esis that both joint model training and a coupled
inference procedure are desirable for our goal of
accurate and consistent models. Third, we pro-
vide a comprehensive analysis, comparing accu-
racy and consistency for a wide variety of model
types across several language pairs to determine
the most suitable models for our task and analyze
potential trade-offs.
2 Evaluation Beyond Accuracy — The
Need for Consistency
To better understand the desiderata of models that
perform transcription and translation, it is helpful
to discuss how one should evaluate such models.
A first step is to evaluate transcription accuracy
and translation accuracy in isolation. For this pur-
pose, we can employ well-established evaluation
metrics such as word error rate (WER) for tran-
scripts and BLEU (Papineni et al., 2002) for trans-
lations. When considering scenarios in which both
Transcr. Bill Gross has several companies,
including one called eSolar that has
some great solar thermal technologies.
Transl.1 Bill Gross hat mehrere Firmen, unter
(gold) anderem eine namens eSolar die
großartige Solarthermaltechnologien
hat.
Transl.2 Bill Gross hat mehrere Firmen, eine
(incons.) nennt sich "Easolare", die großartige
Solarwärme-Technologie hat.
Figure 2: Illustration of surface-level consistency be-
tween English transcript and German translation. Only
translation 1 spells both named entities (Bill Gross and
eSolar) consistently, and the German translation So-
larthermaltechnologie (translation 1) is preferred over
Solarwärme-Technologie (translation 2), by itself a cor-
rect choice but less similar on the surface level.
transcript and translation are displayed, consis-
tency is an essential additional requirement.1 Let
us first clarify what we mean by this term.
Definition: Consistency between transcript and
translation is achieved if both are semantically
equivalent, with a preference for a faithful trans-
lation approach (Newmark, 1988), meaning that
stylistic, lexical, and grammatical characteristics
should be transferred whenever fluency is not
compromised. Importantly, consistency measures
are defined over the space of both well-formed
and erroneous sentence pairs. In the case of un-
grammatical sentence pairs, consistency may be
achieved by adhering to a literal or word-for-word
translation strategy.
Consistency is only loosely related to accu-
racy, and can even be in opposition in some
cases. For instance, when a translation error can-
not be avoided, consistency is improved at the
cost of transcription accuracy by placing the back-
translated error in the transcript. Because accu-
racy and error metrics assess transcript or transla-
tion quality in isolation, these metrics cannot cap-
ture phenomena that involve the interplay between
transcript and translation.
2.1 Motivational Use Cases
While ultimately user studies must assess to what
extent consistency improves user satisfaction, our
intention in this paper is to provide a universally
useful notion of consistency that does not depend
1Other important ST use cases do not show both tran-
scripts at the same time, such as multilingual movie subti-
tling. For such cases, consistency may be less critical.
too much on specific use cases. Nevertheless, our
definition may be most convincing when put in the
context of specific example use cases.
Lecture use case. Here, a person follows a pre-
sentation or lecture-like event, presented in a for-
eign language, by reading transcript and transla-
tion on a screen (Fügen, 2008). This person may
have partial knowledge of the source language, but
knows only the target language sufficiently well.
She, therefore, pays attention mainly to the trans-
lation outputs, but may occasionally consult the
transcription output in case where the translation
seems wrong. In this case, quick orientation can
be critical, and inconsistencies would cause dis-
traction and undermine trust and perceived trans-
parency of the transcription/translation service.
Dialog use case. Next, consider the scenario of
a dialog between two people who speak different
languages. One person, the speaker, attempts to
convey a message to the recipient, relying on an
ST service that displays a transcript and a transla-
tion. Here, the transcript is shown to the speaker,
who speaks only the source language, for purposes
of verification and possibly correction. The trans-
lation is shown to the recipient, who only under-
stands the target language, to convey the message
(Hsiao et al., 2006). We can expect that if tran-
script and translation are error-free, the message is
conveyed smoothly. However, when the transcript
or translation contains errors, miscommunication
occurs. To efficiently recover from such miscom-
munication, both parties should agree on the na-
ture and details of the mistaken content. In other
words, occurring errors are preferred to be consis-
tent between transcript and translation.
3 Estimating Consistency
Having argued for consistency as a desirable prop-
erty, we now wish to empirically quantify the level
of consistency between a particular model’s tran-
scripts and translations. To our knowledge, consis-
tency has not been addressed in the context of ST
before, perhaps because traditional cascaded mod-
els have not been observed to suffer from inconsis-
tencies in the outputs. Therefore, we propose sev-
eral metrics for estimating transcript/translation
consistency in this section. In §7.3, we demon-
strate strong agreement of these metrics with hu-
man ratings of consistency.
3.1 Lexical Consistency
Our first metric focuses on semantic equiva-
lency in general, and consistent lexical choice
in particular, as illustrated in Fig. 1. To this
end, we employ a simple lexical coverage model
based on word-level translation probabilities. This
approach might also capture some aspects of
grammatical consistency by rewarding the use
of comparable function words. We sum neg-
ative translation log-probabilities for each ut-
terance: tt→s= −
∑
tj∈tmaxsi∈s log p (tj | si).
We then normalize across the test corpus C
and average over both translation directions:
1
2
(
1
n
∑
(s,t)∈C tt→s+
1
m
∑
(s,t)∈C ts→t
)
, where n
and m denote the number of translated and tran-
scribed words in the corpus, respectively. In prac-
tice, we use fast_align (Dyer et al., 2013) to
estimate probability tables from our training data.
When a word has no translation probability as-
signed, including out-of-vocabulary cases, we use
a simple smoothing method by assigning the low-
est score found in the lexicon.
While it may seem tempting to employ a more
elaborate translation model such as an encoder-
decoder model, we deliberately choose this sim-
ple lexical approach. The main reason is that we
need to estimate consistency for potentially erro-
neous transcript/translation pairs. In such cases,
we found severe robustness issues when comput-
ing translation scores using a full-fledged encoder-
decoder model.
3.2 Surface Form Consistency
Our consistency definition mentions a preference
for a stylistic similarity between transcript and
translation. One way of assessing stylistic as-
pects is to compare transcripts and translations
at the surface level. This is most sensible when
the source and target language are related, and
could help capture phenomena such as consistent
spelling of named entities, or translations using
words with similar surface form as found in the
transcript. Fig. 2 provides an illustration.
We propose to assess surface form consistency
through substring overlap. Our notion of sub-
string overlap follows CharCut, which was pro-
posed as a metric for reference-based MT evalu-
ation (Lardilleux and Lepage, 2017). Following
Eq. 2 of that paper, we determine substring in-
sertions, deletions, and shifts in the translation,
when compared to the transcript, and compute
1 − deletions+insertions+shifts|s|+|t| . Counts are aggregated
and normalized at corpus level. To avoid spuri-
ous matches, we match only substrings of at least
length n (here: 5), compare in case-sensitive fash-
ion, and deactivate CharCut’s special treatment of
longest common prefixes/suffixes.
We note that surface form consistency is less
suited to language pairs that use different alpha-
bets, and leave it to future work to explore alterna-
tives, such as the assessment of cross-lingual pho-
netic similarity in such cases.
3.3 Correlation of Transcription/Translation
Error
This third metric bases consistency on well-
established accuracy metrics or error metrics. We
posit that a necessary (though not sufficient) con-
dition for consistency is that the accuracy of the
transcript should be correlated with the accuracy
of the translation, where both are measured against
some respective gold standard. We therefore pro-
pose to assess consistency through computing sta-
tistical correlation between utterance-level error
metrics for transcript and translation.
Specifically, for a test corpus of size N , we
compute Kendall’s τ coefficient across utterance-
level error metrics. On the transcript side, we use
utterance-level WER as the error metric. Because
BLEU is a poor utterance-level metric, we make
use of CharCut on the translation side, which has
been shown to correlate well with human judge-
ment at utterance level (Lardilleux and Lepage,
2017). Formally, we compute:
kendallτ
(
WERclipped1:N ,CharCut1:N
)
. (3)
Because CharCut is clipped above 1, we also apply
clipping to utterance-level WER for stability.
3.4 Combined Metric for Dialog Task
The previous metrics estimate consistency in a
fashion that is complementary to accuracy, such
that it is possible to achieve good consistency de-
spite poor accuracy. This allows trading off ac-
curacy against consistency, depending on specific
task requirements. Here, we explore a particu-
lar instance of such a task-specific trade-off that
arises naturally through the formulation of a com-
munication model. We consider a dialog situation
(§2.1), and assume that communication will be
successful if and only if both transcript and trans-
lation do not contain significant deviations from
s t Result
Good Good Immediate success
Bad Bad Speaker rephrases
Bad Good Speaker rephrases unnecessarily
Good Bad Resolve now or in later turn
Figure 3: Dialog use case. Whenever the transcript or
the translation has errors, additional effort is needed.
some reference, as motivated in Fig 3. Concep-
tually, the main difference to §3.3 is that here we
penalize, rather than reward, the bad/bad situation
(Fig 3). To estimate the probability of some gen-
erated transcript and translation allowing success-
ful communication, given reference transcript and
translation, we thus require that both the transcript
and the translation are sufficiently accurate. For
utterance with index k:
P (succk | ref) = P (sk ok ∩ tk ok | ref)
= P (sk ok | ref)× P (tk ok | sk, ref)
≈ P (sk ok | ref)× P (tk ok | ref)
(4)
We then use utterance-level accuracy met-
rics as a proxy, computing accuracy(sk) =
1−WERclippedk , accuracy(tk) = 1−CharCutk.
For a test corpus of size N we compute corpus-
level scores as 1N
∑
1≤k≤N P (succk).
4 Models for Transcription and
Translation
We now turn to discuss model candidates for
consistent transcription and translation of speech
(Figs. 4–5). We hypothesize that there are two de-
sirable model characteristics in our scenario. First,
motivated by Eq. 2, models may achieve better
consistency by performing joint inference, in the
sense that no independence assumption between
transcript and translation are made. We call this
characteristic coupled inference. Second, shared
representations through end-to-end (or joint) train-
ing may be of advantage in our scenario. We in-
troduce several model variants, and also discuss
whether they match these characteristics.
4.1 Model Basics
For a fair comparison, we keep the underlying
architectural details as similar as possible across
compared model types. All models are based on
the attentional encoder-decoder framework (Bah-
danau et al., 2015). For audio encoders, we
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(a) Cascade (CASC)
enc⇡ 7! h1 . . . hl
<latexit sha1_bas e64="gEZ80uJep5iP2iPLbPDsugDghNc =">AAACG3icbVDLSsNAFJ34rPVVdelmsA iuSlIKuiy4cVnBPqAJYTKZNEMnmWFmIp SQ/3Djr7hxoYgrwYV/4yRmoa0Xhjmccy/ 3nhMIRpW27S9rbX1jc2u7sdPc3ds/OGw dHY8UzyQmQ8wZl5MAKcJoSoaaakYmQhK UBIyMg/l1qY/viVSUp3d6IYiXoFlKI4qR NpTf6roJ0rFMcpLiws/dgLNQLRLz5a6g RWFkoTSHseOGXCsY+8xvte2OXRVcBU4N2 qCugd/6MLM4S0iqMUNKTR1baC9HUlPMS NF0M0UEwnM0I1MDU5QQ5eWVtwKeGyaEEZ fmpRpW7O+JHCWqPNh0lk7UslaS/2nTTE dXXk5TkenSe7Uoyhg0ZsugYEglwZotDEB YUnMrxDGSCGsTZ9OE4CxbXgWjbsexO85 tr93v1XE0wCk4AxfAAZegD27AAAwBBg/g CbyAV+vRerberPef1jWrnjkBf8r6/AZr 16LN</latexit><latexit sha1_bas e64="gEZ80uJep5iP2iPLbPDsugDghNc =">AAACG3icbVDLSsNAFJ34rPVVdelmsA iuSlIKuiy4cVnBPqAJYTKZNEMnmWFmIp SQ/3Djr7hxoYgrwYV/4yRmoa0Xhjmccy/ 3nhMIRpW27S9rbX1jc2u7sdPc3ds/OGw dHY8UzyQmQ8wZl5MAKcJoSoaaakYmQhK UBIyMg/l1qY/viVSUp3d6IYiXoFlKI4qR NpTf6roJ0rFMcpLiws/dgLNQLRLz5a6g RWFkoTSHseOGXCsY+8xvte2OXRVcBU4N2 qCugd/6MLM4S0iqMUNKTR1baC9HUlPMS NF0M0UEwnM0I1MDU5QQ5eWVtwKeGyaEEZ fmpRpW7O+JHCWqPNh0lk7UslaS/2nTTE dXXk5TkenSe7Uoyhg0ZsugYEglwZotDEB YUnMrxDGSCGsTZ9OE4CxbXgWjbsexO85 tr93v1XE0wCk4AxfAAZegD27AAAwBBg/g CbyAV+vRerberPef1jWrnjkBf8r6/AZr 16LN</latexit><latexit sha1_bas e64="gEZ80uJep5iP2iPLbPDsugDghNc =">AAACG3icbVDLSsNAFJ34rPVVdelmsA iuSlIKuiy4cVnBPqAJYTKZNEMnmWFmIp SQ/3Djr7hxoYgrwYV/4yRmoa0Xhjmccy/ 3nhMIRpW27S9rbX1jc2u7sdPc3ds/OGw dHY8UzyQmQ8wZl5MAKcJoSoaaakYmQhK UBIyMg/l1qY/viVSUp3d6IYiXoFlKI4qR NpTf6roJ0rFMcpLiws/dgLNQLRLz5a6g RWFkoTSHseOGXCsY+8xvte2OXRVcBU4N2 qCugd/6MLM4S0iqMUNKTR1baC9HUlPMS NF0M0UEwnM0I1MDU5QQ5eWVtwKeGyaEEZ fmpRpW7O+JHCWqPNh0lk7UslaS/2nTTE dXXk5TkenSe7Uoyhg0ZsugYEglwZotDEB YUnMrxDGSCGsTZ9OE4CxbXgWjbsexO85 tr93v1XE0wCk4AxfAAZegD27AAAwBBg/g CbyAV+vRerberPef1jWrnjkBf8r6/AZr 16LN</latexit><latexit sha1_bas e64="gEZ80uJep5iP2iPLbPDsugDghNc =">AAACG3icbVDLSsNAFJ34rPVVdelmsA iuSlIKuiy4cVnBPqAJYTKZNEMnmWFmIp SQ/3Djr7hxoYgrwYV/4yRmoa0Xhjmccy/ 3nhMIRpW27S9rbX1jc2u7sdPc3ds/OGw dHY8UzyQmQ8wZl5MAKcJoSoaaakYmQhK UBIyMg/l1qY/viVSUp3d6IYiXoFlKI4qR NpTf6roJ0rFMcpLiws/dgLNQLRLz5a6g RWFkoTSHseOGXCsY+8xvte2OXRVcBU4N2 qCugd/6MLM4S0iqMUNKTR1baC9HUlPMS NF0M0UEwnM0I1MDU5QQ5eWVtwKeGyaEEZ fmpRpW7O+JHCWqPNh0lk7UslaS/2nTTE dXXk5TkenSe7Uoyhg0ZsugYEglwZotDEB YUnMrxDGSCGsTZ9OE4CxbXgWjbsexO85 tr93v1XE0wCk4AxfAAZegD27AAAwBBg/g CbyAV+vRerberPef1jWrnjkBf8r6/AZr 16LN</latexit>
dec⇡ 7! v1 . . . vn
<latexit sha1_bas e64="lB5L7ip4vM79yXZBR1/CuT1TrD8 =">AAACHXicbVBLSwMxGMzWV62vqkcvwS J4KrtS0GPBi8cK9gHdZclm0zY0jyXJFs qyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyH fTJQwqo3rfjuVjc2t7Z3qbm1v/+DwqH5 80tMyVZh0sWRSDSKkCaOCdA01jAwSRRC PGOlH09tC78+I0lSKBzNPSMDRWNARxchY Kqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ie WznRRsJZ6EE/lkZbZG0Nt+kuBq4DrwQNU E4nrH9aL045EQYzpPXQcxMTZEgZihnJa 36qSYLwFI3J0EKBONFBtkiXwwvLxHAklT 3CwAX725EhrouV7csii17VCvI/bZia0U 2QUZGkhgi8/GiUMmjjFlXBmCqCDZtbgLC idleIJ0ghbGyhNVuCtxp5HfSump7b9O5 bjXarrKMKzsA5uAQeuAZtcAc6oAsweATP 4BW8OU/Oi/PufCyfVpzScwr+jPP1A7tH o3Q=</latexit><latexit sha1_bas e64="lB5L7ip4vM79yXZBR1/CuT1TrD8 =">AAACHXicbVBLSwMxGMzWV62vqkcvwS J4KrtS0GPBi8cK9gHdZclm0zY0jyXJFs qyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyH fTJQwqo3rfjuVjc2t7Z3qbm1v/+DwqH5 80tMyVZh0sWRSDSKkCaOCdA01jAwSRRC PGOlH09tC78+I0lSKBzNPSMDRWNARxchY Kqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ie WznRRsJZ6EE/lkZbZG0Nt+kuBq4DrwQNU E4nrH9aL045EQYzpPXQcxMTZEgZihnJa 36qSYLwFI3J0EKBONFBtkiXwwvLxHAklT 3CwAX725EhrouV7csii17VCvI/bZia0U 2QUZGkhgi8/GiUMmjjFlXBmCqCDZtbgLC idleIJ0ghbGyhNVuCtxp5HfSump7b9O5 bjXarrKMKzsA5uAQeuAZtcAc6oAsweATP 4BW8OU/Oi/PufCyfVpzScwr+jPP1A7tH o3Q=</latexit><latexit sha1_bas e64="lB5L7ip4vM79yXZBR1/CuT1TrD8 =">AAACHXicbVBLSwMxGMzWV62vqkcvwS J4KrtS0GPBi8cK9gHdZclm0zY0jyXJFs qyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyH fTJQwqo3rfjuVjc2t7Z3qbm1v/+DwqH5 80tMyVZh0sWRSDSKkCaOCdA01jAwSRRC PGOlH09tC78+I0lSKBzNPSMDRWNARxchY Kqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ie WznRRsJZ6EE/lkZbZG0Nt+kuBq4DrwQNU E4nrH9aL045EQYzpPXQcxMTZEgZihnJa 36qSYLwFI3J0EKBONFBtkiXwwvLxHAklT 3CwAX725EhrouV7csii17VCvI/bZia0U 2QUZGkhgi8/GiUMmjjFlXBmCqCDZtbgLC idleIJ0ghbGyhNVuCtxp5HfSump7b9O5 bjXarrKMKzsA5uAQeuAZtcAc6oAsweATP 4BW8OU/Oi/PufCyfVpzScwr+jPP1A7tH o3Q=</latexit><latexit sha1_bas e64="lB5L7ip4vM79yXZBR1/CuT1TrD8 =">AAACHXicbVBLSwMxGMzWV62vqkcvwS J4KrtS0GPBi8cK9gHdZclm0zY0jyXJFs qyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyH fTJQwqo3rfjuVjc2t7Z3qbm1v/+DwqH5 80tMyVZh0sWRSDSKkCaOCdA01jAwSRRC PGOlH09tC78+I0lSKBzNPSMDRWNARxchY Kqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ie WznRRsJZ6EE/lkZbZG0Nt+kuBq4DrwQNU E4nrH9aL045EQYzpPXQcxMTZEgZihnJa 36qSYLwFI3J0EKBONFBtkiXwwvLxHAklT 3CwAX725EhrouV7csii17VCvI/bZia0U 2QUZGkhgi8/GiUMmjjFlXBmCqCDZtbgLC idleIJ0ghbGyhNVuCtxp5HfSump7b9O5 bjXarrKMKzsA5uAQeuAZtcAc6oAsweATP 4BW8OU/Oi/PufCyfVpzScwr+jPP1A7tH o3Q=</latexit>
(b) Independent direct (DIRIND) (c) Multitask direct (DIRMU)
(e) Two-stage (2ST) (f) Triangle (TRI)
enc  7! g1 . . . gl
<latexit sha1_base64="Es+Vlc4xSLL 7OF3ywEp+I33cn4A=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp6LLgxmUF+4 AmhMlk0g6dyYSZiVBCfsSNv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOmjCrtOF9WY21 9Y3Orud3a2d3bP7APj4ZKZBKTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy61Ef3RCoq kju9SInP0TShMcVIGyqwux5HeiZ5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4XiS0M oAFdtvpOFXBVeDWoA3q6gf2h5nFGSeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzIxME GcKD+v3BXwzDARjIU0L9GwYn9P5Iir8mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFcc agcVtGBSMqCdZsYQDCkppbIZ4hibA2gbZMCO6y5VUwvOi4Tse97bZ73TqOJjgBp+A cuOAS9MAN6IMBwOABPIEX8Go9Ws/Wm/X+09qw6plj8Kesz28Kv6Om</latexit><latexit sha1_base64="Es+Vlc4xSLL 7OF3ywEp+I33cn4A=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp6LLgxmUF+4 AmhMlk0g6dyYSZiVBCfsSNv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOmjCrtOF9WY21 9Y3Orud3a2d3bP7APj4ZKZBKTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy61Ef3RCoq kju9SInP0TShMcVIGyqwux5HeiZ5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4XiS0M oAFdtvpOFXBVeDWoA3q6gf2h5nFGSeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzIxME GcKD+v3BXwzDARjIU0L9GwYn9P5Iir8mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFcc agcVtGBSMqCdZsYQDCkppbIZ4hibA2gbZMCO6y5VUwvOi4Tse97bZ73TqOJjgBp+A cuOAS9MAN6IMBwOABPIEX8Go9Ws/Wm/X+09qw6plj8Kesz28Kv6Om</latexit><latexit sha1_base64="Es+Vlc4xSLL 7OF3ywEp+I33cn4A=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp6LLgxmUF+4 AmhMlk0g6dyYSZiVBCfsSNv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOmjCrtOF9WY21 9Y3Orud3a2d3bP7APj4ZKZBKTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy61Ef3RCoq kju9SInP0TShMcVIGyqwux5HeiZ5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4XiS0M oAFdtvpOFXBVeDWoA3q6gf2h5nFGSeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzIxME GcKD+v3BXwzDARjIU0L9GwYn9P5Iir8mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFcc agcVtGBSMqCdZsYQDCkppbIZ4hibA2gbZMCO6y5VUwvOi4Tse97bZ73TqOJjgBp+A cuOAS9MAN6IMBwOABPIEX8Go9Ws/Wm/X+09qw6plj8Kesz28Kv6Om</latexit><latexit sha1_base64="Es+Vlc4xSLL 7OF3ywEp+I33cn4A=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp6LLgxmUF+4 AmhMlk0g6dyYSZiVBCfsSNv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOmjCrtOF9WY21 9Y3Orud3a2d3bP7APj4ZKZBKTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy61Ef3RCoq kju9SInP0TShMcVIGyqwux5HeiZ5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4XiS0M oAFdtvpOFXBVeDWoA3q6gf2h5nFGSeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzIxME GcKD+v3BXwzDARjIU0L9GwYn9P5Iir8mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFcc agcVtGBSMqCdZsYQDCkppbIZ4hibA2gbZMCO6y5VUwvOi4Tse97bZ73TqOJjgBp+A cuOAS9MAN6IMBwOABPIEX8Go9Ws/Wm/X+09qw6plj8Kesz28Kv6Om</latexit>
dec  7! u1 . . . um
<latexit sha1_base64="Vn9QEFtqHPb DPvOn5qgGfkMUUTI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9 CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xu bW9u1nfru3v7BYePouK9lpjDpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp 7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptA Q8bTbflzguuAq8CTVBVN2x82lmccSIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5GFAn Gig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMg at2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du9lpV3HUwCk4Axf AA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPb DPvOn5qgGfkMUUTI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9 CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xu bW9u1nfru3v7BYePouK9lpjDpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp 7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptA Q8bTbflzguuAq8CTVBVN2x82lmccSIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5GFAn Gig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMg at2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du9lpV3HUwCk4Axf AA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPb DPvOn5qgGfkMUUTI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9 CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xu bW9u1nfru3v7BYePouK9lpjDpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp 7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptA Q8bTbflzguuAq8CTVBVN2x82lmccSIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5GFAn Gig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMg at2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du9lpV3HUwCk4Axf AA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPb DPvOn5qgGfkMUUTI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9 CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xu bW9u1nfru3v7BYePouK9lpjDpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp 7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptA Q8bTbflzguuAq8CTVBVN2x82lmccSIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5GFAn Gig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMg at2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du9lpV3HUwCk4Axf AA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit>
enc⇡ 7! h1 . . . hl
<latexit sha1_base64="gEZ80uJep5i P2iPLbPDsugDghNc=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIKuiy4cVnBPq AJYTKZNEMnmWFmIpSQ/3Djr7hxoYgrwYV/4yRmoa0Xhjmccy/3nhMIRpW27S9rbX1 jc2u7sdPc3ds/OGwdHY8UzyQmQ8wZl5MAKcJoSoaaakYmQhKUBIyMg/l1qY/viVSU p3d6IYiXoFlKI4qRNpTf6roJ0rFMcpLiws/dgLNQLRLz5a6gRWFkoTSHseOGXCsY+ 8xvte2OXRVcBU4N2qCugd/6MLM4S0iqMUNKTR1baC9HUlPMSNF0M0UEwnM0I1MDU5 QQ5eWVtwKeGyaEEZfmpRpW7O+JHCWqPNh0lk7UslaS/2nTTEdXXk5TkenSe7Uoyh g0ZsugYEglwZotDEBYUnMrxDGSCGsTZ9OE4CxbXgWjbsexO85tr93v1XE0wCk4Axf AAZegD27AAAwBBg/gCbyAV+vRerberPef1jWrnjkBf8r6/AZr16LN</latexit><latexit sha1_base64="gEZ80uJep5i P2iPLbPDsugDghNc=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIKuiy4cVnBPq AJYTKZNEMnmWFmIpSQ/3Djr7hxoYgrwYV/4yRmoa0Xhjmccy/3nhMIRpW27S9rbX1 jc2u7sdPc3ds/OGwdHY8UzyQmQ8wZl5MAKcJoSoaaakYmQhKUBIyMg/l1qY/viVSU p3d6IYiXoFlKI4qRNpTf6roJ0rFMcpLiws/dgLNQLRLz5a6gRWFkoTSHseOGXCsY+ 8xvte2OXRVcBU4N2qCugd/6MLM4S0iqMUNKTR1baC9HUlPMSNF0M0UEwnM0I1MDU5 QQ5eWVtwKeGyaEEZfmpRpW7O+JHCWqPNh0lk7UslaS/2nTTEdXXk5TkenSe7Uoyh g0ZsugYEglwZotDEBYUnMrxDGSCGsTZ9OE4CxbXgWjbsexO85tr93v1XE0wCk4Axf AAZegD27AAAwBBg/gCbyAV+vRerberPef1jWrnjkBf8r6/AZr16LN</latexit><latexit sha1_base64="gEZ80uJep5i P2iPLbPDsugDghNc=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIKuiy4cVnBPq AJYTKZNEMnmWFmIpSQ/3Djr7hxoYgrwYV/4yRmoa0Xhjmccy/3nhMIRpW27S9rbX1 jc2u7sdPc3ds/OGwdHY8UzyQmQ8wZl5MAKcJoSoaaakYmQhKUBIyMg/l1qY/viVSU p3d6IYiXoFlKI4qRNpTf6roJ0rFMcpLiws/dgLNQLRLz5a6gRWFkoTSHseOGXCsY+ 8xvte2OXRVcBU4N2qCugd/6MLM4S0iqMUNKTR1baC9HUlPMSNF0M0UEwnM0I1MDU5 QQ5eWVtwKeGyaEEZfmpRpW7O+JHCWqPNh0lk7UslaS/2nTTEdXXk5TkenSe7Uoyh g0ZsugYEglwZotDEBYUnMrxDGSCGsTZ9OE4CxbXgWjbsexO85tr93v1XE0wCk4Axf AAZegD27AAAwBBg/gCbyAV+vRerberPef1jWrnjkBf8r6/AZr16LN</latexit><latexit sha1_base64="gEZ80uJep5i P2iPLbPDsugDghNc=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIKuiy4cVnBPq AJYTKZNEMnmWFmIpSQ/3Djr7hxoYgrwYV/4yRmoa0Xhjmccy/3nhMIRpW27S9rbX1 jc2u7sdPc3ds/OGwdHY8UzyQmQ8wZl5MAKcJoSoaaakYmQhKUBIyMg/l1qY/viVSU p3d6IYiXoFlKI4qRNpTf6roJ0rFMcpLiws/dgLNQLRLz5a6gRWFkoTSHseOGXCsY+ 8xvte2OXRVcBU4N2qCugd/6MLM4S0iqMUNKTR1baC9HUlPMSNF0M0UEwnM0I1MDU5 QQ5eWVtwKeGyaEEZfmpRpW7O+JHCWqPNh0lk7UslaS/2nTTEdXXk5TkenSe7Uoyh g0ZsugYEglwZotDEBYUnMrxDGSCGsTZ9OE4CxbXgWjbsexO85tr93v1XE0wCk4Axf AAZegD27AAAwBBg/gCbyAV+vRerberPef1jWrnjkBf8r6/AZr16LN</latexit>
dec⇡ 7! v1 . . . vn
<latexit sha1_base64="lB5L7ip4vM7 9yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4KrtS0GPBi8cK9g HdZclm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2 t7Z3qbm1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC78+I0lSK BzNPSMDRWNARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZ G0Nt+kuBq4DrwQNUE4nrH9aL045EQYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EKBON FBtkiXwwvLxHAklT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMm jjFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuCtxp5HfSump7b9O5bjXarrKMKzsA5uAQ euAZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit><latexit sha1_base64="lB5L7ip4vM7 9yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4KrtS0GPBi8cK9g HdZclm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2 t7Z3qbm1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC78+I0lSK BzNPSMDRWNARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZ G0Nt+kuBq4DrwQNUE4nrH9aL045EQYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EKBON FBtkiXwwvLxHAklT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMm jjFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuCtxp5HfSump7b9O5bjXarrKMKzsA5uAQ euAZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit><latexit sha1_base64="lB5L7ip4vM7 9yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4KrtS0GPBi8cK9g HdZclm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2 t7Z3qbm1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC78+I0lSK BzNPSMDRWNARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZ G0Nt+kuBq4DrwQNUE4nrH9aL045EQYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EKBON FBtkiXwwvLxHAklT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMm jjFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuCtxp5HfSump7b9O5bjXarrKMKzsA5uAQ euAZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit><latexit sha1_base64="lB5L7ip4vM7 9yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4KrtS0GPBi8cK9g HdZclm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2 t7Z3qbm1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC78+I0lSK BzNPSMDRWNARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZ G0Nt+kuBq4DrwQNUE4nrH9aL045EQYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EKBON FBtkiXwwvLxHAklT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMm jjFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuCtxp5HfSump7b9O5bjXarrKMKzsA5uAQ euAZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit>
enc 7! h1 . . . hl
<latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNS gMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpX U2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oY kv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2 suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="QU0k4zwTKRiZdz0ct65gJ8VI6O0=">AAAB/nicbZBNS 8NAEIYn9avWqtGrl8UieCqJFz0KXjxWsB/QhrDZbtqlu0nYnQgl9OrFv+LFgyL+DG/+GzexB20dWHh4Z4eZ940yKQx63pdT29jc2t6p7zb2mvsHh+5Rs2fSXDPeZalM9SC ihkuR8C4KlHyQaU5VJHk/mt2U/f4D10akyT3OMx4oOklELBhFK4UuGSmKU60KnrCF5cxgSqahPxqnaCzI0G15ba8qsg7+ElqwrE7oftpZliueIJPUmKHvZRgUVKNgki8ao 9zwjLIZnfChxYQqboKicrIgZ1YZkzjV9iVIKvX3REGVMXMV2Z/l3Wa1V4r/9YY5xldBIZIsx9JptSjOJbFuy1jIWGjOUM4tUKaFvZWwKdWUoQ2vYUPwVy2vQ++i7Xtt/86 DOpzAKZyDD5dwDbfQgS4weIRneIU358l5cd5/4qo5y9yO4U85H99Ex5j7</latexit><latexit sha1_base64="QU0k4zwTKRiZdz0ct65gJ8VI6O0=">AAAB/nicbZBNS 8NAEIYn9avWqtGrl8UieCqJFz0KXjxWsB/QhrDZbtqlu0nYnQgl9OrFv+LFgyL+DG/+GzexB20dWHh4Z4eZ940yKQx63pdT29jc2t6p7zb2mvsHh+5Rs2fSXDPeZalM9SC ihkuR8C4KlHyQaU5VJHk/mt2U/f4D10akyT3OMx4oOklELBhFK4UuGSmKU60KnrCF5cxgSqahPxqnaCzI0G15ba8qsg7+ElqwrE7oftpZliueIJPUmKHvZRgUVKNgki8ao 9zwjLIZnfChxYQqboKicrIgZ1YZkzjV9iVIKvX3REGVMXMV2Z/l3Wa1V4r/9YY5xldBIZIsx9JptSjOJbFuy1jIWGjOUM4tUKaFvZWwKdWUoQ2vYUPwVy2vQ++i7Xtt/86 DOpzAKZyDD5dwDbfQgS4weIRneIU358l5cd5/4qo5y9yO4U85H99Ex5j7</latexit><latexit sha1_base64="hkPcVEmplWfua4EYCsPNlqriWCY=">AAACCXicbZDLS sNAFIZPvNZ6i7p0M1gEVyURQZcFNy4r2Au0IUymk3bozCTMTIQSunXjq7hxoYhb38Cdb+MkZqGtBwY+/nMOc/4/SjnTxvO+nJXVtfWNzdpWfXtnd2/fPTjs6iRThHZIwhP Vj7CmnEnaMcxw2k8VxSLitBdNr4t+754qzRJ5Z2YpDQQeSxYzgo2VQhcNBTYTJXIqydxyqk2CJqE/HCVGW+Ch2/CaXlloGfwKGlBVO3Q/7S7JBJWGcKz1wPdSE+RYGUY4n deHmaYpJlM8pgOLEguqg7x0MkenVhmhOFH2SYNK9fdGjoXWMxHZyeJuvdgrxP96g8zEV0HOZJqZwmn5UZxxZN0WsaARU5QYPrOAiWL2VkQmWGFibHh1G4K/aHkZuudN32v 6t16jdVHFUYNjOIEz8OESWnADbegAgQd4ghd4dR6dZ+fNef8ZXXGqnSP4U87HN+H6ml0=</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit>
dec  7! u1 . . . um
<latexit sha1_base64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=">AAACHXicbVDLS sNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1nfru3v7BYePouK9lpjDpYcmkGkZ IE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguuAq8CTVBVN2x82lmccSIMZ kjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5 D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=">AAACHXicbVDLS sNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1nfru3v7BYePouK9lpjDpYcmkGkZ IE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguuAq8CTVBVN2x82lmccSIMZ kjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5 D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=">AAACHXicbVDLS sNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1nfru3v7BYePouK9lpjDpYcmkGkZ IE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguuAq8CTVBVN2x82lmccSIMZ kjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5 D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=">AAACHXicbVDLS sNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1nfru3v7BYePouK9lpjDpYcmkGkZ IE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguuAq8CTVBVN2x82lmccSIMZ kjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5 D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit>
dec⇡ 7! v1 . . . vn
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<latexit sha1_base64="Vn9QEFtqHPb DPvOn5qgGfkMUUTI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9 CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xu bW9u1nfru3v7BYePouK9lpjDpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp 7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptA Q8bTbflzguuAq8CTVBVN2x82lmccSIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5GFAn Gig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMg at2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du9lpV3HUwCk4Axf AA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPb DPvOn5qgGfkMUUTI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9 CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xu bW9u1nfru3v7BYePouK9lpjDpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp 7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptA Q8bTbflzguuAq8CTVBVN2x82lmccSIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5GFAn Gig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMg at2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du9lpV3HUwCk4Axf AA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPb DPvOn5qgGfkMUUTI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9 CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xu bW9u1nfru3v7BYePouK9lpjDpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp 7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptA Q8bTbflzguuAq8CTVBVN2x82lmccSIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5GFAn Gig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMg at2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du9lpV3HUwCk4Axf AA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPb DPvOn5qgGfkMUUTI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9 CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xu bW9u1nfru3v7BYePouK9lpjDpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp 7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptA Q8bTbflzguuAq8CTVBVN2x82lmccSIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5GFAn Gig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMg at2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du9lpV3HUwCk4Axf AA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit>
dec⇡ 7! v1 . . . vn
<latexit sha1_base64="lB5L7ip4vM7 9yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4KrtS0GPBi8cK9g HdZclm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2 t7Z3qbm1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC78+I0lSK BzNPSMDRWNARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZ G0Nt+kuBq4DrwQNUE4nrH9aL045EQYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EKBON FBtkiXwwvLxHAklT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMm jjFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuCtxp5HfSump7b9O5bjXarrKMKzsA5uAQ euAZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit><latexit sha1_base64="lB5L7ip4vM7 9yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4KrtS0GPBi8cK9g HdZclm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2 t7Z3qbm1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC78+I0lSK BzNPSMDRWNARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZ G0Nt+kuBq4DrwQNUE4nrH9aL045EQYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EKBON FBtkiXwwvLxHAklT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMm jjFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuCtxp5HfSump7b9O5bjXarrKMKzsA5uAQ euAZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit><latexit sha1_base64="lB5L7ip4vM7 9yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4KrtS0GPBi8cK9g HdZclm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2 t7Z3qbm1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC78+I0lSK BzNPSMDRWNARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZ G0Nt+kuBq4DrwQNUE4nrH9aL045EQYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EKBON FBtkiXwwvLxHAklT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMm jjFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuCtxp5HfSump7b9O5bjXarrKMKzsA5uAQ euAZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit><latexit sha1_base64="lB5L7ip4vM7 9yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4KrtS0GPBi8cK9g HdZclm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2 t7Z3qbm1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC78+I0lSK BzNPSMDRWNARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZ G0Nt+kuBq4DrwQNUE4nrH9aL045EQYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EKBON FBtkiXwwvLxHAklT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMm jjFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuCtxp5HfSump7b9O5bjXarrKMKzsA5uAQ euAZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit>
Translation
(g) Concatenated (CONCAT)
enc 7! h1 . . . hl
<latexit sha1_base64="VUB44tSc1db ZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr 1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6m srW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p 0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvh AaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMUR Qr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ 9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcA DPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1db ZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr 1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6m srW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p 0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvh AaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMUR Qr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ 9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcA DPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1db ZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr 1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6m srW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p 0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvh AaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMUR Qr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ 9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcA DPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="hP+6LrUf2d3 tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwb ZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+ gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQr MMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9Li wUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1 EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMY A6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="QU0k4zwTKRi Zdz0ct65gJ8VI6O0=">AAAB/nicbZBNS8NAEIYn9avWqtGrl8UieCqJFz0KXjxWsB /QhrDZbtqlu0nYnQgl9OrFv+LFgyL+DG/+GzexB20dWHh4Z4eZ940yKQx63pdT29j c2t6p7zb2mvsHh+5Rs2fSXDPeZalM9SCihkuR8C4KlHyQaU5VJHk/mt2U/f4D10ak yT3OMx4oOklELBhFK4UuGSmKU60KnrCF5cxgSqahPxqnaCzI0G15ba8qsg7+Elqwr E7oftpZliueIJPUmKHvZRgUVKNgki8ao9zwjLIZnfChxYQqboKicrIgZ1YZkzjV9i VIKvX3REGVMXMV2Z/l3Wa1V4r/9YY5xldBIZIsx9JptSjOJbFuy1jIWGjOUM4tUK aFvZWwKdWUoQ2vYUPwVy2vQ++i7Xtt/86DOpzAKZyDD5dwDbfQgS4weIRneIU358l 5cd5/4qo5y9yO4U85H99Ex5j7</latexit><latexit sha1_base64="QU0k4zwTKRi Zdz0ct65gJ8VI6O0=">AAAB/nicbZBNS8NAEIYn9avWqtGrl8UieCqJFz0KXjxWsB /QhrDZbtqlu0nYnQgl9OrFv+LFgyL+DG/+GzexB20dWHh4Z4eZ940yKQx63pdT29j c2t6p7zb2mvsHh+5Rs2fSXDPeZalM9SCihkuR8C4KlHyQaU5VJHk/mt2U/f4D10ak yT3OMx4oOklELBhFK4UuGSmKU60KnrCF5cxgSqahPxqnaCzI0G15ba8qsg7+Elqwr E7oftpZliueIJPUmKHvZRgUVKNgki8ao9zwjLIZnfChxYQqboKicrIgZ1YZkzjV9i VIKvX3REGVMXMV2Z/l3Wa1V4r/9YY5xldBIZIsx9JptSjOJbFuy1jIWGjOUM4tUK aFvZWwKdWUoQ2vYUPwVy2vQ++i7Xtt/86DOpzAKZyDD5dwDbfQgS4weIRneIU358l 5cd5/4qo5y9yO4U85H99Ex5j7</latexit><latexit sha1_base64="hkPcVEmplWf ua4EYCsPNlqriWCY=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURQZcFNy4r2A u0IUymk3bozCTMTIQSunXjq7hxoYhb38Cdb+MkZqGtBwY+/nMOc/4/SjnTxvO+nJX VtfWNzdpWfXtnd2/fPTjs6iRThHZIwhPVj7CmnEnaMcxw2k8VxSLitBdNr4t+754q zRJ5Z2YpDQQeSxYzgo2VQhcNBTYTJXIqydxyqk2CJqE/HCVGW+Ch2/CaXlloGfwKG lBVO3Q/7S7JBJWGcKz1wPdSE+RYGUY4ndeHmaYpJlM8pgOLEguqg7x0MkenVhmhOF H2SYNK9fdGjoXWMxHZyeJuvdgrxP96g8zEV0HOZJqZwmn5UZxxZN0WsaARU5QYPr OAiWL2VkQmWGFibHh1G4K/aHkZuudN32v6t16jdVHFUYNjOIEz8OESWnADbegAgQd 4ghd4dR6dZ+fNef8ZXXGqnSP4U87HN+H6ml0=</latexit><latexit sha1_base64="VUB44tSc1db ZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr 1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6m srW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p 0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvh AaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMUR Qr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ 9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcA DPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1db ZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr 1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6m srW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p 0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvh AaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMUR Qr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ 9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcA DPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1db ZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr 1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6m srW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p 0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvh AaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMUR Qr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ 9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcA DPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1db ZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr 1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6m srW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p 0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvh AaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMUR Qr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ 9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcA DPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1db ZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr 1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6m srW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p 0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvh AaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMUR Qr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ 9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcA DPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1db ZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr 1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6m srW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p 0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvh AaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMUR Qr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ 9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcA DPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit>
Transcript || Translation
dec 7! u1 . . . um+n
<latexit sha1_base64="JDVcEplVFGq i3a4JDENrnjL/fw4=">AAACDXicbZDLSsNAFIZPvNZ6i7p0E6yCIJRECrosuHFZwV 6gDWEymbRDZyZhZiKU0Bdw46u4caGIW/fufBsnbRba+sPAx3/OYc75w5RRpV3321p ZXVvf2KxsVbd3dvf27YPDjkoyiUkbJyyRvRApwqggbU01I71UEsRDRrrh+Kaodx+I VDQR93qSEp+joaAxxUgbK7BPBxzpkeR5RPDUcKp04mSBN4gSrQzk/EJMA7vm1t2Zn GXwSqhBqVZgf5l5nHEiNGZIqb7nptrPkdQUMzKtDjJFUoTHaEj6BgXiRPn57Jqpc2 acyIkTaZ7Qzsz9PZEjrtSEh6az2F0t1grzv1o/0/G1n1ORZpoIPP8ozphjLi6icS IqCdZsYgBhSc2uDh4hibA2AVZNCN7iycvQuax7bt27a9SajTKOChzDCZyDB1fQhFt oQRswPMIzvMKb9WS9WO/Wx7x1xSpnjuCPrM8fJnGcKw==</latexit><latexit sha1_base64="JDVcEplVFGq i3a4JDENrnjL/fw4=">AAACDXicbZDLSsNAFIZPvNZ6i7p0E6yCIJRECrosuHFZwV 6gDWEymbRDZyZhZiKU0Bdw46u4caGIW/fufBsnbRba+sPAx3/OYc75w5RRpV3321p ZXVvf2KxsVbd3dvf27YPDjkoyiUkbJyyRvRApwqggbU01I71UEsRDRrrh+Kaodx+I VDQR93qSEp+joaAxxUgbK7BPBxzpkeR5RPDUcKp04mSBN4gSrQzk/EJMA7vm1t2Zn GXwSqhBqVZgf5l5nHEiNGZIqb7nptrPkdQUMzKtDjJFUoTHaEj6BgXiRPn57Jqpc2 acyIkTaZ7Qzsz9PZEjrtSEh6az2F0t1grzv1o/0/G1n1ORZpoIPP8ozphjLi6icS IqCdZsYgBhSc2uDh4hibA2AVZNCN7iycvQuax7bt27a9SajTKOChzDCZyDB1fQhFt oQRswPMIzvMKb9WS9WO/Wx7x1xSpnjuCPrM8fJnGcKw==</latexit><latexit sha1_base64="JDVcEplVFGq i3a4JDENrnjL/fw4=">AAACDXicbZDLSsNAFIZPvNZ6i7p0E6yCIJRECrosuHFZwV 6gDWEymbRDZyZhZiKU0Bdw46u4caGIW/fufBsnbRba+sPAx3/OYc75w5RRpV3321p ZXVvf2KxsVbd3dvf27YPDjkoyiUkbJyyRvRApwqggbU01I71UEsRDRrrh+Kaodx+I VDQR93qSEp+joaAxxUgbK7BPBxzpkeR5RPDUcKp04mSBN4gSrQzk/EJMA7vm1t2Zn GXwSqhBqVZgf5l5nHEiNGZIqb7nptrPkdQUMzKtDjJFUoTHaEj6BgXiRPn57Jqpc2 acyIkTaZ7Qzsz9PZEjrtSEh6az2F0t1grzv1o/0/G1n1ORZpoIPP8ozphjLi6icS IqCdZsYgBhSc2uDh4hibA2AVZNCN7iycvQuax7bt27a9SajTKOChzDCZyDB1fQhFt oQRswPMIzvMKb9WS9WO/Wx7x1xSpnjuCPrM8fJnGcKw==</latexit><latexit sha1_base64="JDVcEplVFGq i3a4JDENrnjL/fw4=">AAACDXicbZDLSsNAFIZPvNZ6i7p0E6yCIJRECrosuHFZwV 6gDWEymbRDZyZhZiKU0Bdw46u4caGIW/fufBsnbRba+sPAx3/OYc75w5RRpV3321p ZXVvf2KxsVbd3dvf27YPDjkoyiUkbJyyRvRApwqggbU01I71UEsRDRrrh+Kaodx+I VDQR93qSEp+joaAxxUgbK7BPBxzpkeR5RPDUcKp04mSBN4gSrQzk/EJMA7vm1t2Zn GXwSqhBqVZgf5l5nHEiNGZIqb7nptrPkdQUMzKtDjJFUoTHaEj6BgXiRPn57Jqpc2 acyIkTaZ7Qzsz9PZEjrtSEh6az2F0t1grzv1o/0/G1n1ORZpoIPP8ozphjLi6icS IqCdZsYgBhSc2uDh4hibA2AVZNCN7iycvQuax7bt27a9SajTKOChzDCZyDB1fQhFt oQRswPMIzvMKb9WS9WO/Wx7x1xSpnjuCPrM8fJnGcKw==</latexit>
(d) Shared direct (DIRSH)
enc 7! h1 . . . hl
<latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNS gMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpX U2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oY kv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2 suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="QU0k4zwTKRiZdz0ct65gJ8VI6O0=">AAAB/nicbZBNS 8NAEIYn9avWqtGrl8UieCqJFz0KXjxWsB/QhrDZbtqlu0nYnQgl9OrFv+LFgyL+DG/+GzexB20dWHh4Z4eZ940yKQx63pdT29jc2t6p7zb2mvsHh+5Rs2fSXDPeZalM9SC ihkuR8C4KlHyQaU5VJHk/mt2U/f4D10akyT3OMx4oOklELBhFK4UuGSmKU60KnrCF5cxgSqahPxqnaCzI0G15ba8qsg7+ElqwrE7oftpZliueIJPUmKHvZRgUVKNgki8ao 9zwjLIZnfChxYQqboKicrIgZ1YZkzjV9iVIKvX3REGVMXMV2Z/l3Wa1V4r/9YY5xldBIZIsx9JptSjOJbFuy1jIWGjOUM4tUKaFvZWwKdWUoQ2vYUPwVy2vQ++i7Xtt/86 DOpzAKZyDD5dwDbfQgS4weIRneIU358l5cd5/4qo5y9yO4U85H99Ex5j7</latexit><latexit sha1_base64="QU0k4zwTKRiZdz0ct65gJ8VI6O0=">AAAB/nicbZBNS 8NAEIYn9avWqtGrl8UieCqJFz0KXjxWsB/QhrDZbtqlu0nYnQgl9OrFv+LFgyL+DG/+GzexB20dWHh4Z4eZ940yKQx63pdT29jc2t6p7zb2mvsHh+5Rs2fSXDPeZalM9SC ihkuR8C4KlHyQaU5VJHk/mt2U/f4D10akyT3OMx4oOklELBhFK4UuGSmKU60KnrCF5cxgSqahPxqnaCzI0G15ba8qsg7+ElqwrE7oftpZliueIJPUmKHvZRgUVKNgki8ao 9zwjLIZnfChxYQqboKicrIgZ1YZkzjV9iVIKvX3REGVMXMV2Z/l3Wa1V4r/9YY5xldBIZIsx9JptSjOJbFuy1jIWGjOUM4tUKaFvZWwKdWUoQ2vYUPwVy2vQ++i7Xtt/86 DOpzAKZyDD5dwDbfQgS4weIRneIU358l5cd5/4qo5y9yO4U85H99Ex5j7</latexit><latexit sha1_base64="hkPcVEmplWfua4EYCsPNlqriWCY=">AAACCXicbZDLS sNAFIZPvNZ6i7p0M1gEVyURQZcFNy4r2Au0IUymk3bozCTMTIQSunXjq7hxoYhb38Cdb+MkZqGtBwY+/nMOc/4/SjnTxvO+nJXVtfWNzdpWfXtnd2/fPTjs6iRThHZIwhP Vj7CmnEnaMcxw2k8VxSLitBdNr4t+754qzRJ5Z2YpDQQeSxYzgo2VQhcNBTYTJXIqydxyqk2CJqE/HCVGW+Ch2/CaXlloGfwKGlBVO3Q/7S7JBJWGcKz1wPdSE+RYGUY4n deHmaYpJlM8pgOLEguqg7x0MkenVhmhOFH2SYNK9fdGjoXWMxHZyeJuvdgrxP96g8zEV0HOZJqZwmn5UZxxZN0WsaARU5QYPrOAiWL2VkQmWGFibHh1G4K/aHkZuudN32v 6t16jdVHFUYNjOIEz8OESWnADbegAgQd4ghd4dR6dZ+fNef8ZXXGqnSP4U87HN+H6ml0=</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLS sNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDx WgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjn C5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc 2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit>
dec  7! u1 . . . um
<latexit sha1_base64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=">AAACHXicbVDLS sNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1nfru3v7BYePouK9lpjDpYcmkGkZ IE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguuAq8CTVBVN2x82lmccSIMZ kjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5 D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=">AAACHXicbVDLS sNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1nfru3v7BYePouK9lpjDpYcmkGkZ IE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguuAq8CTVBVN2x82lmccSIMZ kjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5 D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=">AAACHXicbVDLS sNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1nfru3v7BYePouK9lpjDpYcmkGkZ IE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguuAq8CTVBVN2x82lmccSIMZ kjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5 D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=">AAACHXicbVDLS sNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1nfru3v7BYePouK9lpjDpYcmkGkZ IE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguuAq8CTVBVN2x82lmccSIMZ kjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5 D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit>
Transcript Translation
7
<latexit sha1_base64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=">AAACHXicbVDLS sNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1nfru3v7BYePouK9lpjDpYcmkGkZ IE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguuAq8CTVBVN2x82lmccSIMZ kjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5 D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=">AAACHXicbVDLS sNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1nfru3v7BYePouK9lpjDpYcmkGkZ IE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguuAq8CTVBVN2x82lmccSIMZ kjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5 D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=">AAACHXicbVDLS sNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1nfru3v7BYePouK9lpjDpYcmkGkZ IE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguuAq8CTVBVN2x82lmccSIMZ kjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5 D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=">AAACHXicbVDLS sNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1nfru3v7BYePouK9lpjDpYcmkGkZ IE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguuAq8CTVBVN2x82lmccSIMZ kjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5 D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit>
dec  7! v1 . . . vny
Figure 4: Cascaded and direct model types.
enc  7! g1 . . . gl
<latexit sha1_bas e64="Es+Vlc4xSLL7OF3ywEp+I33cn4A=" >AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwV RIp6LLgxmUF+4AmhMlk0g6dyYSZiVBCfsS Nv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOm jCrtOF9WY219Y3Orud3a2d3bP7APj4ZKZB KTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy6 1Ef3RCoqkju9SInP0TShMcVIGyqwux5Hei Z5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4 XiS0MoAFdtvpOFXBVeDWoA3q6gf2h5nFG SeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzI xMEGcKD+v3BXwzDARjIU0L9GwYn9P5Iir8 mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFcca gcVtGBSMqCdZsYQDCkppbIZ4hibA2gbZM CO6y5VUwvOi4Tse97bZ73TqOJjgBp+AcuO AS9MAN6IMBwOABPIEX8Go9Ws/Wm/X+09qw 6plj8Kesz28Kv6Om</latexit><latexit sha1_bas e64="Es+Vlc4xSLL7OF3ywEp+I33cn4A=" >AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwV RIp6LLgxmUF+4AmhMlk0g6dyYSZiVBCfsS Nv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOm jCrtOF9WY219Y3Orud3a2d3bP7APj4ZKZB KTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy6 1Ef3RCoqkju9SInP0TShMcVIGyqwux5Hei Z5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4 XiS0MoAFdtvpOFXBVeDWoA3q6gf2h5nFG SeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzI xMEGcKD+v3BXwzDARjIU0L9GwYn9P5Iir8 mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFcca gcVtGBSMqCdZsYQDCkppbIZ4hibA2gbZM CO6y5VUwvOi4Tse97bZ73TqOJjgBp+AcuO AS9MAN6IMBwOABPIEX8Go9Ws/Wm/X+09qw 6plj8Kesz28Kv6Om</latexit><latexit sha1_bas e64="Es+Vlc4xSLL7OF3ywEp+I33cn4A=" >AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwV RIp6LLgxmUF+4AmhMlk0g6dyYSZiVBCfsS Nv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOm jCrtOF9WY219Y3Orud3a2d3bP7APj4ZKZB KTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy6 1Ef3RCoqkju9SInP0TShMcVIGyqwux5Hei Z5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4 XiS0MoAFdtvpOFXBVeDWoA3q6gf2h5nFG SeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzI xMEGcKD+v3BXwzDARjIU0L9GwYn9P5Iir8 mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFcca gcVtGBSMqCdZsYQDCkppbIZ4hibA2gbZM CO6y5VUwvOi4Tse97bZ73TqOJjgBp+AcuO AS9MAN6IMBwOABPIEX8Go9Ws/Wm/X+09qw 6plj8Kesz28Kv6Om</latexit><latexit sha1_bas e64="Es+Vlc4xSLL7OF3ywEp+I33cn4A=" >AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwV RIp6LLgxmUF+4AmhMlk0g6dyYSZiVBCfsS Nv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOm jCrtOF9WY219Y3Orud3a2d3bP7APj4ZKZB KTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy6 1Ef3RCoqkju9SInP0TShMcVIGyqwux5Hei Z5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4 XiS0MoAFdtvpOFXBVeDWoA3q6gf2h5nFG SeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzI xMEGcKD+v3BXwzDARjIU0L9GwYn9P5Iir8 mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFcca gcVtGBSMqCdZsYQDCkppbIZ4hibA2gbZM CO6y5VUwvOi4Tse97bZ73TqOJjgBp+AcuO AS9MAN6IMBwOABPIEX8Go9Ws/Wm/X+09qw 6plj8Kesz28Kv6Om</latexit>
dec  7! u1 . . . um
<latexit sha1_bas e64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=" >AAACHXicbVDLSsNAFJ34rPVVdelmsAiuS iIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt /xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQy qo3rfjtr6xubW9u1nfru3v7BYePouK9lpj DpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjel PnggSlMp7s0sJQFHY0ETipGxVNho+xyZie J5THAR5n4kWaxn3H65n05oUVg91UbCLPT8 WBptAQ8bTbflzguuAq8CTVBVN2x82lmcc SIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5G FAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ 9vO0ote1kryP22UmeQ6yKlIM0MEXixKMga t2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D 8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1 egA25BF/QABo/gGbyCN+fJeXHenY9F65pT zZyAP+V8/QAmnKO5</latexit><latexit sha1_bas e64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=" >AAACHXicbVDLSsNAFJ34rPVVdelmsAiuS iIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt /xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQy qo3rfjtr6xubW9u1nfru3v7BYePouK9lpj DpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjel PnggSlMp7s0sJQFHY0ETipGxVNho+xyZie J5THAR5n4kWaxn3H65n05oUVg91UbCLPT8 WBptAQ8bTbflzguuAq8CTVBVN2x82lmcc SIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5G FAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ 9vO0ote1kryP22UmeQ6yKlIM0MEXixKMga t2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D 8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1 egA25BF/QABo/gGbyCN+fJeXHenY9F65pT zZyAP+V8/QAmnKO5</latexit><latexit sha1_bas e64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=" >AAACHXicbVDLSsNAFJ34rPVVdelmsAiuS iIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt /xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQy qo3rfjtr6xubW9u1nfru3v7BYePouK9lpj DpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjel PnggSlMp7s0sJQFHY0ETipGxVNho+xyZie J5THAR5n4kWaxn3H65n05oUVg91UbCLPT8 WBptAQ8bTbflzguuAq8CTVBVN2x82lmcc SIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5G FAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ 9vO0ote1kryP22UmeQ6yKlIM0MEXixKMga t2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D 8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1 egA25BF/QABo/gGbyCN+fJeXHenY9F65pT zZyAP+V8/QAmnKO5</latexit><latexit sha1_bas e64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=" >AAACHXicbVDLSsNAFJ34rPVVdelmsAiuS iIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt /xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQy qo3rfjtr6xubW9u1nfru3v7BYePouK9lpj DpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjel PnggSlMp7s0sJQFHY0ETipGxVNho+xyZie J5THAR5n4kWaxn3H65n05oUVg91UbCLPT8 WBptAQ8bTbflzguuAq8CTVBVN2x82lmcc SIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5G FAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ 9vO0ote1kryP22UmeQ6yKlIM0MEXixKMga t2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D 8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1 egA25BF/QABo/gGbyCN+fJeXHenY9F65pT zZyAP+V8/QAmnKO5</latexit>
(a) Discr. cascade (CASC)
enc⇡ 7! h1 . . . hl
<latexit sha1_bas e64="gEZ80uJep5iP2iPLbPDsugDghNc=" >AAACG3icbVDLSsNAFJ34rPVVdelmsAiuS lIKuiy4cVnBPqAJYTKZNEMnmWFmIpSQ/3D jr7hxoYgrwYV/4yRmoa0Xhjmccy/3nhMI RpW27S9rbX1jc2u7sdPc3ds/OGwdHY8Uzy QmQ8wZl5MAKcJoSoaaakYmQhKUBIyMg/l1 qY/viVSUp3d6IYiXoFlKI4qRNpTf6roJ0r FMcpLiws/dgLNQLRLz5a6gRWFkoTSHseOG XCsY+8xvte2OXRVcBU4N2qCugd/6MLM4S 0iqMUNKTR1baC9HUlPMSNF0M0UEwnM0I1M DU5QQ5eWVtwKeGyaEEZfmpRpW7O+JHCWqP Nh0lk7UslaS/2nTTEdXXk5TkenSe7Uoyhg 0ZsugYEglwZotDEBYUnMrxDGSCGsTZ9OE 4CxbXgWjbsexO85tr93v1XE0wCk4AxfAAZ egD27AAAwBBg/gCbyAV+vRerberPef1jWr njkBf8r6/AZr16LN</latexit><latexit sha1_bas e64="gEZ80uJep5iP2iPLbPDsugDghNc=" >AAACG3icbVDLSsNAFJ34rPVVdelmsAiuS lIKuiy4cVnBPqAJYTKZNEMnmWFmIpSQ/3D jr7hxoYgrwYV/4yRmoa0Xhjmccy/3nhMI RpW27S9rbX1jc2u7sdPc3ds/OGwdHY8Uzy QmQ8wZl5MAKcJoSoaaakYmQhKUBIyMg/l1 qY/viVSUp3d6IYiXoFlKI4qRNpTf6roJ0r FMcpLiws/dgLNQLRLz5a6gRWFkoTSHseOG XCsY+8xvte2OXRVcBU4N2qCugd/6MLM4S 0iqMUNKTR1baC9HUlPMSNF0M0UEwnM0I1M DU5QQ5eWVtwKeGyaEEZfmpRpW7O+JHCWqP Nh0lk7UslaS/2nTTEdXXk5TkenSe7Uoyhg 0ZsugYEglwZotDEBYUnMrxDGSCGsTZ9OE 4CxbXgWjbsexO85tr93v1XE0wCk4AxfAAZ egD27AAAwBBg/gCbyAV+vRerberPef1jWr njkBf8r6/AZr16LN</latexit><latexit sha1_bas e64="gEZ80uJep5iP2iPLbPDsugDghNc=" >AAACG3icbVDLSsNAFJ34rPVVdelmsAiuS lIKuiy4cVnBPqAJYTKZNEMnmWFmIpSQ/3D jr7hxoYgrwYV/4yRmoa0Xhjmccy/3nhMI RpW27S9rbX1jc2u7sdPc3ds/OGwdHY8Uzy QmQ8wZl5MAKcJoSoaaakYmQhKUBIyMg/l1 qY/viVSUp3d6IYiXoFlKI4qRNpTf6roJ0r FMcpLiws/dgLNQLRLz5a6gRWFkoTSHseOG XCsY+8xvte2OXRVcBU4N2qCugd/6MLM4S 0iqMUNKTR1baC9HUlPMSNF0M0UEwnM0I1M DU5QQ5eWVtwKeGyaEEZfmpRpW7O+JHCWqP Nh0lk7UslaS/2nTTEdXXk5TkenSe7Uoyhg 0ZsugYEglwZotDEBYUnMrxDGSCGsTZ9OE 4CxbXgWjbsexO85tr93v1XE0wCk4AxfAAZ egD27AAAwBBg/gCbyAV+vRerberPef1jWr njkBf8r6/AZr16LN</latexit><latexit sha1_bas e64="gEZ80uJep5iP2iPLbPDsugDghNc=" >AAACG3icbVDLSsNAFJ34rPVVdelmsAiuS lIKuiy4cVnBPqAJYTKZNEMnmWFmIpSQ/3D jr7hxoYgrwYV/4yRmoa0Xhjmccy/3nhMI RpW27S9rbX1jc2u7sdPc3ds/OGwdHY8Uzy QmQ8wZl5MAKcJoSoaaakYmQhKUBIyMg/l1 qY/viVSUp3d6IYiXoFlKI4qRNpTf6roJ0r FMcpLiws/dgLNQLRLz5a6gRWFkoTSHseOG XCsY+8xvte2OXRVcBU4N2qCugd/6MLM4S 0iqMUNKTR1baC9HUlPMSNF0M0UEwnM0I1M DU5QQ5eWVtwKeGyaEEZfmpRpW7O+JHCWqP Nh0lk7UslaS/2nTTEdXXk5TkenSe7Uoyhg 0ZsugYEglwZotDEBYUnMrxDGSCGsTZ9OE 4CxbXgWjbsexO85tr93v1XE0wCk4AxfAAZ egD27AAAwBBg/gCbyAV+vRerberPef1jWr njkBf8r6/AZr16LN</latexit>
dec⇡ 7! v1 . . . vn
<latexit sha1_bas e64="lB5L7ip4vM79yXZBR1/CuT1TrD8=" >AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4K rtS0GPBi8cK9gHdZclm0zY0jyXJFsqyf8S Lf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQw qo3rfjuVjc2t7Z3qbm1v/+DwqH580tMyVZ h0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC 78+I0lSKBzNPSMDRWNARxchYKqy3fI7MRP EsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/ lkZbZG0Nt+kuBq4DrwQNUE4nrH9aL045E QYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EK BONFBtkiXwwvLxHAklT3CwAX725EhrouV7 csii17VCvI/bZia0U2QUZGkhgi8/GiUMmj jFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuC txp5HfSump7b9O5bjXarrKMKzsA5uAQeuA ZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzS cwr+jPP1A7tHo3Q=</latexit><latexit sha1_bas e64="lB5L7ip4vM79yXZBR1/CuT1TrD8=" >AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4K rtS0GPBi8cK9gHdZclm0zY0jyXJFsqyf8S Lf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQw qo3rfjuVjc2t7Z3qbm1v/+DwqH580tMyVZ h0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC 78+I0lSKBzNPSMDRWNARxchYKqy3fI7MRP EsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/ lkZbZG0Nt+kuBq4DrwQNUE4nrH9aL045E QYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EK BONFBtkiXwwvLxHAklT3CwAX725EhrouV7 csii17VCvI/bZia0U2QUZGkhgi8/GiUMmj jFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuC txp5HfSump7b9O5bjXarrKMKzsA5uAQeuA ZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzS cwr+jPP1A7tHo3Q=</latexit><latexit sha1_bas e64="lB5L7ip4vM79yXZBR1/CuT1TrD8=" >AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4K rtS0GPBi8cK9gHdZclm0zY0jyXJFsqyf8S Lf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQw qo3rfjuVjc2t7Z3qbm1v/+DwqH580tMyVZ h0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC 78+I0lSKBzNPSMDRWNARxchYKqy3fI7MRP EsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/ lkZbZG0Nt+kuBq4DrwQNUE4nrH9aL045E QYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EK BONFBtkiXwwvLxHAklT3CwAX725EhrouV7 csii17VCvI/bZia0U2QUZGkhgi8/GiUMmj jFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuC txp5HfSump7b9O5bjXarrKMKzsA5uAQeuA ZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzS cwr+jPP1A7tHo3Q=</latexit><latexit sha1_bas e64="lB5L7ip4vM79yXZBR1/CuT1TrD8=" >AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4K rtS0GPBi8cK9gHdZclm0zY0jyXJFsqyf8S Lf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQw qo3rfjuVjc2t7Z3qbm1v/+DwqH580tMyVZ h0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC 78+I0lSKBzNPSMDRWNARxchYKqy3fI7MRP EsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/ lkZbZG0Nt+kuBq4DrwQNUE4nrH9aL045E QYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EK BONFBtkiXwwvLxHAklT3CwAX725EhrouV7 csii17VCvI/bZia0U2QUZGkhgi8/GiUMmj jFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuC txp5HfSump7b9O5bjXarrKMKzsA5uAQeuA ZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzS cwr+jPP1A7tHo3Q=</latexit>
(b) Independent direct (INDP) (c) Multitask direct (MULTT)
(e) Two-stage (2ST) (f) Triangle (TRI)
enc  7! g1 . . . gl
<latexit sha1_base64="Es+Vlc4xSLL7 OF3ywEp+I33cn4A=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp6LLgxmUF+4AmhM lk0g6dyYSZiVBCfsSNv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOmjCrtOF9WY219Y3Oru d3a2d3bP7APj4ZKZBKTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy61Ef3RCoqkju9SInP0 TShMcVIGyqwux5HeiZ5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4XiS0MoAFdtvpOFXB VeDWoA3q6gf2h5nFGSeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzIxMEGcKD+v3BXwzDAR jIU0L9GwYn9P5Iir8mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFccagcVtGBSMqCdZsYQD CkppbIZ4hibA2gbZMCO6y5VUwvOi4Tse97bZ73TqOJjgBp+AcuOAS9MAN6IMBwOABPIE X8Go9Ws/Wm/X+09qw6plj8Kesz28Kv6Om</latexit><latexit sha1_base64="Es+Vlc4xSLL7 OF3ywEp+I33cn4A=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp6LLgxmUF+4AmhM lk0g6dyYSZiVBCfsSNv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOmjCrtOF9WY219Y3Oru d3a2d3bP7APj4ZKZBKTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy61Ef3RCoqkju9SInP0 TShMcVIGyqwux5HeiZ5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4XiS0MoAFdtvpOFXB VeDWoA3q6gf2h5nFGSeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzIxMEGcKD+v3BXwzDAR jIU0L9GwYn9P5Iir8mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFccagcVtGBSMqCdZsYQD CkppbIZ4hibA2gbZMCO6y5VUwvOi4Tse97bZ73TqOJjgBp+AcuOAS9MAN6IMBwOABPIE X8Go9Ws/Wm/X+09qw6plj8Kesz28Kv6Om</latexit><latexit sha1_base64="Es+Vlc4xSLL7 OF3ywEp+I33cn4A=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp6LLgxmUF+4AmhM lk0g6dyYSZiVBCfsSNv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOmjCrtOF9WY219Y3Oru d3a2d3bP7APj4ZKZBKTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy61Ef3RCoqkju9SInP0 TShMcVIGyqwux5HeiZ5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4XiS0MoAFdtvpOFXB VeDWoA3q6gf2h5nFGSeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzIxMEGcKD+v3BXwzDAR jIU0L9GwYn9P5Iir8mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFccagcVtGBSMqCdZsYQD CkppbIZ4hibA2gbZMCO6y5VUwvOi4Tse97bZ73TqOJjgBp+AcuOAS9MAN6IMBwOABPIE X8Go9Ws/Wm/X+09qw6plj8Kesz28Kv6Om</latexit><latexit sha1_base64="Es+Vlc4xSLL7 OF3ywEp+I33cn4A=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp6LLgxmUF+4AmhM lk0g6dyYSZiVBCfsSNv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOmjCrtOF9WY219Y3Oru d3a2d3bP7APj4ZKZBKTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy61Ef3RCoqkju9SInP0 TShMcVIGyqwux5HeiZ5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4XiS0MoAFdtvpOFXB VeDWoA3q6gf2h5nFGSeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzIxMEGcKD+v3BXwzDAR jIU0L9GwYn9P5Iir8mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFccagcVtGBSMqCdZsYQD CkppbIZ4hibA2gbZMCO6y5VUwvOi4Tse97bZ73TqOJjgBp+AcuOAS9MAN6IMBwOABPIE X8Go9Ws/Wm/X+09qw6plj8Kesz28Kv6Om</latexit>
dec  7! u1 . . . um
<latexit sha1_base64="Vn9QEFtqHPbD PvOn5qgGfkMUUTI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJ lM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1n fru3v7BYePouK9lpjDpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY 0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguu Aq8CTVBVN2x82lmccSIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolh IpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxB W1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGby CN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbD PvOn5qgGfkMUUTI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJ lM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1n fru3v7BYePouK9lpjDpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY 0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguu Aq8CTVBVN2x82lmccSIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolh IpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxB W1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGby CN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbD PvOn5qgGfkMUUTI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJ lM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1n fru3v7BYePouK9lpjDpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY 0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguu Aq8CTVBVN2x82lmccSIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolh IpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxB W1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGby CN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbD PvOn5qgGfkMUUTI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJ lM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1n fru3v7BYePouK9lpjDpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY 0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguu Aq8CTVBVN2x82lmccSIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolh IpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxB W1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGby CN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit>
enc⇡ 7! h1 . . . hl
<latexit sha1_base64="gEZ80uJep5iP 2iPLbPDsugDghNc=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIKuiy4cVnBPqAJYT KZNEMnmWFmIpSQ/3Djr7hxoYgrwYV/4yRmoa0Xhjmccy/3nhMIRpW27S9rbX1jc2u7s dPc3ds/OGwdHY8UzyQmQ8wZl5MAKcJoSoaaakYmQhKUBIyMg/l1qY/viVSUp3d6IYiXo FlKI4qRNpTf6roJ0rFMcpLiws/dgLNQLRLz5a6gRWFkoTSHseOGXCsY+8xvte2OXRVc BU4N2qCugd/6MLM4S0iqMUNKTR1baC9HUlPMSNF0M0UEwnM0I1MDU5QQ5eWVtwKeGyaE EZfmpRpW7O+JHCWqPNh0lk7UslaS/2nTTEdXXk5TkenSe7Uoyhg0ZsugYEglwZotDEB YUnMrxDGSCGsTZ9OE4CxbXgWjbsexO85tr93v1XE0wCk4AxfAAZegD27AAAwBBg/gCby AV+vRerberPef1jWrnjkBf8r6/AZr16LN</latexit><latexit sha1_base64="gEZ80uJep5iP 2iPLbPDsugDghNc=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIKuiy4cVnBPqAJYT KZNEMnmWFmIpSQ/3Djr7hxoYgrwYV/4yRmoa0Xhjmccy/3nhMIRpW27S9rbX1jc2u7s dPc3ds/OGwdHY8UzyQmQ8wZl5MAKcJoSoaaakYmQhKUBIyMg/l1qY/viVSUp3d6IYiXo FlKI4qRNpTf6roJ0rFMcpLiws/dgLNQLRLz5a6gRWFkoTSHseOGXCsY+8xvte2OXRVc BU4N2qCugd/6MLM4S0iqMUNKTR1baC9HUlPMSNF0M0UEwnM0I1MDU5QQ5eWVtwKeGyaE EZfmpRpW7O+JHCWqPNh0lk7UslaS/2nTTEdXXk5TkenSe7Uoyhg0ZsugYEglwZotDEB YUnMrxDGSCGsTZ9OE4CxbXgWjbsexO85tr93v1XE0wCk4AxfAAZegD27AAAwBBg/gCby AV+vRerberPef1jWrnjkBf8r6/AZr16LN</latexit><latexit sha1_base64="gEZ80uJep5iP 2iPLbPDsugDghNc=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIKuiy4cVnBPqAJYT KZNEMnmWFmIpSQ/3Djr7hxoYgrwYV/4yRmoa0Xhjmccy/3nhMIRpW27S9rbX1jc2u7s dPc3ds/OGwdHY8UzyQmQ8wZl5MAKcJoSoaaakYmQhKUBIyMg/l1qY/viVSUp3d6IYiXo FlKI4qRNpTf6roJ0rFMcpLiws/dgLNQLRLz5a6gRWFkoTSHseOGXCsY+8xvte2OXRVc BU4N2qCugd/6MLM4S0iqMUNKTR1baC9HUlPMSNF0M0UEwnM0I1MDU5QQ5eWVtwKeGyaE EZfmpRpW7O+JHCWqPNh0lk7UslaS/2nTTEdXXk5TkenSe7Uoyhg0ZsugYEglwZotDEB YUnMrxDGSCGsTZ9OE4CxbXgWjbsexO85tr93v1XE0wCk4AxfAAZegD27AAAwBBg/gCby AV+vRerberPef1jWrnjkBf8r6/AZr16LN</latexit><latexit sha1_base64="gEZ80uJep5iP 2iPLbPDsugDghNc=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIKuiy4cVnBPqAJYT KZNEMnmWFmIpSQ/3Djr7hxoYgrwYV/4yRmoa0Xhjmccy/3nhMIRpW27S9rbX1jc2u7s dPc3ds/OGwdHY8UzyQmQ8wZl5MAKcJoSoaaakYmQhKUBIyMg/l1qY/viVSUp3d6IYiXo FlKI4qRNpTf6roJ0rFMcpLiws/dgLNQLRLz5a6gRWFkoTSHseOGXCsY+8xvte2OXRVc BU4N2qCugd/6MLM4S0iqMUNKTR1baC9HUlPMSNF0M0UEwnM0I1MDU5QQ5eWVtwKeGyaE EZfmpRpW7O+JHCWqPNh0lk7UslaS/2nTTEdXXk5TkenSe7Uoyhg0ZsugYEglwZotDEB YUnMrxDGSCGsTZ9OE4CxbXgWjbsexO85tr93v1XE0wCk4AxfAAZegD27AAAwBBg/gCby AV+vRerberPef1jWrnjkBf8r6/AZr16LN</latexit>
dec⇡ 7! v1 . . . vn
<latexit sha1_base64="lB5L7ip4vM79 yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4KrtS0GPBi8cK9gHdZc lm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2t7Z3qb m1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC78+I0lSKBzNPSMDRW NARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZG0Nt+kuBq4D rwQNUE4nrH9aL045EQYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EKBONFBtkiXwwvLxHAk lT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMmjjFlXBmCqCDZtbgLC idleIJ0ghbGyhNVuCtxp5HfSump7b9O5bjXarrKMKzsA5uAQeuAZtcAc6oAsweATP4BW 8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit><latexit sha1_base64="lB5L7ip4vM79 yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4KrtS0GPBi8cK9gHdZc lm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2t7Z3qb m1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC78+I0lSKBzNPSMDRW NARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZG0Nt+kuBq4D rwQNUE4nrH9aL045EQYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EKBONFBtkiXwwvLxHAk lT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMmjjFlXBmCqCDZtbgLC idleIJ0ghbGyhNVuCtxp5HfSump7b9O5bjXarrKMKzsA5uAQeuAZtcAc6oAsweATP4BW 8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit><latexit sha1_base64="lB5L7ip4vM79 yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4KrtS0GPBi8cK9gHdZc lm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2t7Z3qb m1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC78+I0lSKBzNPSMDRW NARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZG0Nt+kuBq4D rwQNUE4nrH9aL045EQYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EKBONFBtkiXwwvLxHAk lT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMmjjFlXBmCqCDZtbgLC idleIJ0ghbGyhNVuCtxp5HfSump7b9O5bjXarrKMKzsA5uAQeuAZtcAc6oAsweATP4BW 8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit><latexit sha1_base64="lB5L7ip4vM79 yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4KrtS0GPBi8cK9gHdZc lm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2t7Z3qb m1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC78+I0lSKBzNPSMDRW NARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZG0Nt+kuBq4D rwQNUE4nrH9aL045EQYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EKBONFBtkiXwwvLxHAk lT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMmjjFlXBmCqCDZtbgLC idleIJ0ghbGyhNVuCtxp5HfSump7b9O5bjXarrKMKzsA5uAQeuAZtcAc6oAsweATP4BW 8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit>
enc 7! h1 . . . hl
<latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNA FIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypm kXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZnt ChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCO XhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNA FIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypm kXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZnt ChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCO XhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNA FIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypm kXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZnt ChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCO XhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMx FIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8 LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOst jdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84x Io4</latexit><latexit sha1_base64="QU0k4zwTKRiZdz0ct65gJ8VI6O0=">AAAB/nicbZBNS8NA EIYn9avWqtGrl8UieCqJFz0KXjxWsB/QhrDZbtqlu0nYnQgl9OrFv+LFgyL+DG/+GzexB20dWHh4Z4eZ940yKQx63pdT29jc2t6p7zb2mvsHh+5Rs2fSXDPeZalM9SCihkuR8C4 KlHyQaU5VJHk/mt2U/f4D10akyT3OMx4oOklELBhFK4UuGSmKU60KnrCF5cxgSqahPxqnaCzI0G15ba8qsg7+ElqwrE7oftpZliueIJPUmKHvZRgUVKNgki8ao9zwjLIZnfChxY QqboKicrIgZ1YZkzjV9iVIKvX3REGVMXMV2Z/l3Wa1V4r/9YY5xldBIZIsx9JptSjOJbFuy1jIWGjOUM4tUKaFvZWwKdWUoQ2vYUPwVy2vQ++i7Xtt/86DOpzAKZyDD5dwDbfQg S4weIRneIU358l5cd5/4qo5y9yO4U85H99Ex5j7</latexit><latexit sha1_base64="QU0k4zwTKRiZdz0ct65gJ8VI6O0=">AAAB/nicbZBNS8NA EIYn9avWqtGrl8UieCqJFz0KXjxWsB/QhrDZbtqlu0nYnQgl9OrFv+LFgyL+DG/+GzexB20dWHh4Z4eZ940yKQx63pdT29jc2t6p7zb2mvsHh+5Rs2fSXDPeZalM9SCihkuR8C4 KlHyQaU5VJHk/mt2U/f4D10akyT3OMx4oOklELBhFK4UuGSmKU60KnrCF5cxgSqahPxqnaCzI0G15ba8qsg7+ElqwrE7oftpZliueIJPUmKHvZRgUVKNgki8ao9zwjLIZnfChxY QqboKicrIgZ1YZkzjV9iVIKvX3REGVMXMV2Z/l3Wa1V4r/9YY5xldBIZIsx9JptSjOJbFuy1jIWGjOUM4tUKaFvZWwKdWUoQ2vYUPwVy2vQ++i7Xtt/86DOpzAKZyDD5dwDbfQg S4weIRneIU358l5cd5/4qo5y9yO4U85H99Ex5j7</latexit><latexit sha1_base64="hkPcVEmplWfua4EYCsPNlqriWCY=">AAACCXicbZDLSsNA FIZPvNZ6i7p0M1gEVyURQZcFNy4r2Au0IUymk3bozCTMTIQSunXjq7hxoYhb38Cdb+MkZqGtBwY+/nMOc/4/SjnTxvO+nJXVtfWNzdpWfXtnd2/fPTjs6iRThHZIwhPVj7CmnEn aMcxw2k8VxSLitBdNr4t+754qzRJ5Z2YpDQQeSxYzgo2VQhcNBTYTJXIqydxyqk2CJqE/HCVGW+Ch2/CaXlloGfwKGlBVO3Q/7S7JBJWGcKz1wPdSE+RYGUY4ndeHmaYpJlM8pg OLEguqg7x0MkenVhmhOFH2SYNK9fdGjoXWMxHZyeJuvdgrxP96g8zEV0HOZJqZwmn5UZxxZN0WsaARU5QYPrOAiWL2VkQmWGFibHh1G4K/aHkZuudN32v6t16jdVHFUYNjOIEz8 OESWnADbegAgQd4ghd4dR6dZ+fNef8ZXXGqnSP4U87HN+H6ml0=</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNA FIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypm kXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZnt ChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCO XhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNA FIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypm kXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZnt ChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCO XhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNA FIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypm kXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZnt ChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCO XhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNA FIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypm kXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZnt ChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCO XhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNA FIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypm kXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZnt ChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCO XhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZwgUmJWzgfgpT5KA=">AAACCXicbZDLSsNA FIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sblW3azu7e/sH9cOjno5TRWiXxDxWgxBrypm kXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeUF/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aXpIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZnt ChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCO XhwCW24gQ50gcADPMELvDqPzrPz5rz/jFaccucY/pTz8Q3jOpph</latexit>
dec  7! u1 . . . um
<latexit sha1_base64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=">AAACHXicbVDLSsNA FJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1nfru3v7BYePouK9lpjDpYcmkGkZIE0YF6Rl qGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguuAq8CTVBVN2x82lmccSIMZkjrkeemJsiRMh QzUtT9TJMU4Skak5GFAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du 9lpV3HUwCk4AxfAA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=">AAACHXicbVDLSsNA FJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1nfru3v7BYePouK9lpjDpYcmkGkZIE0YF6Rl qGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguuAq8CTVBVN2x82lmccSIMZkjrkeemJsiRMh QzUtT9TJMU4Skak5GFAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du 9lpV3HUwCk4AxfAA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=">AAACHXicbVDLSsNA FJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1nfru3v7BYePouK9lpjDpYcmkGkZIE0YF6Rl qGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguuAq8CTVBVN2x82lmccSIMZkjrkeemJsiRMh QzUtT9TJMU4Skak5GFAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du 9lpV3HUwCk4AxfAA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=">AAACHXicbVDLSsNA FJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1nfru3v7BYePouK9lpjDpYcmkGkZIE0YF6Rl qGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguuAq8CTVBVN2x82lmccSIMZkjrkeemJsiRMh QzUtT9TJMU4Skak5GFAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du 9lpV3HUwCk4AxfAA1egA25BF/QABo/gGbyCN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit>
dec⇡ 7! v1 . . . vn
<latexit sha1_base64="lB5L7ip4vM79yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMx GMzWV62vqkcvwSJ4KrtS0GPBi8cK9gHdZclm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2t7Z3qbm1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA0 1jAwSRRCPGOlH09tC78+I0lSKBzNPSMDRWNARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZG0Nt+kuBq4DrwQNUE4nrH9aL045EQYzpPXQcxMTZEgZih nJa36qSYLwFI3J0EKBONFBtkiXwwvLxHAklT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMmjjFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuCtxp5HfSump7b9O5bj XarrKMKzsA5uAQeuAZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit><latexit sha1_base64="lB5L7ip4vM79yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMx GMzWV62vqkcvwSJ4KrtS0GPBi8cK9gHdZclm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2t7Z3qbm1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA0 1jAwSRRCPGOlH09tC78+I0lSKBzNPSMDRWNARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZG0Nt+kuBq4DrwQNUE4nrH9aL045EQYzpPXQcxMTZEgZih nJa36qSYLwFI3J0EKBONFBtkiXwwvLxHAklT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMmjjFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuCtxp5HfSump7b9O5bj XarrKMKzsA5uAQeuAZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit><latexit sha1_base64="lB5L7ip4vM79yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMx GMzWV62vqkcvwSJ4KrtS0GPBi8cK9gHdZclm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2t7Z3qbm1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA0 1jAwSRRCPGOlH09tC78+I0lSKBzNPSMDRWNARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZG0Nt+kuBq4DrwQNUE4nrH9aL045EQYzpPXQcxMTZEgZih nJa36qSYLwFI3J0EKBONFBtkiXwwvLxHAklT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMmjjFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuCtxp5HfSump7b9O5bj XarrKMKzsA5uAQeuAZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit><latexit sha1_base64="lB5L7ip4vM79yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMx GMzWV62vqkcvwSJ4KrtS0GPBi8cK9gHdZclm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2t7Z3qbm1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA0 1jAwSRRCPGOlH09tC78+I0lSKBzNPSMDRWNARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZG0Nt+kuBq4DrwQNUE4nrH9aL045EQYzpPXQcxMTZEgZih nJa36qSYLwFI3J0EKBONFBtkiXwwvLxHAklT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMmjjFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuCtxp5HfSump7b9O5bj XarrKMKzsA5uAQeuAZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit>
enc  7! g1 . . . gl
<latexit sha1_bas e64="Es+Vlc4xSLL7OF3ywEp+I33cn4A=" >AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwV RIp6LLgxmUF+4AmhMlk0g6dyYSZiVBCfsS Nv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOm jCrtOF9WY219Y3Orud3a2d3bP7APj4ZKZB KTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy6 1Ef3RCoqkju9SInP0TShMcVIGyqwux5Hei Z5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4 XiS0MoAFdtvpOFXBVeDWoA3q6gf2h5nFG SeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzI xMEGcKD+v3BXwzDARjIU0L9GwYn9P5Iir8 mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFcca gcVtGBSMqCdZsYQDCkppbIZ4hibA2gbZM CO6y5VUwvOi4Tse97bZ73TqOJjgBp+AcuO AS9MAN6IMBwOABPIEX8Go9Ws/Wm/X+09qw 6plj8Kesz28Kv6Om</latexit><latexit sha1_bas e64="Es+Vlc4xSLL7OF3ywEp+I33cn4A=" >AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwV RIp6LLgxmUF+4AmhMlk0g6dyYSZiVBCfsS Nv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOm jCrtOF9WY219Y3Orud3a2d3bP7APj4ZKZB KTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy6 1Ef3RCoqkju9SInP0TShMcVIGyqwux5Hei Z5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4 XiS0MoAFdtvpOFXBVeDWoA3q6gf2h5nFG SeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzI xMEGcKD+v3BXwzDARjIU0L9GwYn9P5Iir8 mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFcca gcVtGBSMqCdZsYQDCkppbIZ4hibA2gbZM CO6y5VUwvOi4Tse97bZ73TqOJjgBp+AcuO AS9MAN6IMBwOABPIEX8Go9Ws/Wm/X+09qw 6plj8Kesz28Kv6Om</latexit><latexit sha1_bas e64="Es+Vlc4xSLL7OF3ywEp+I33cn4A=" >AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwV RIp6LLgxmUF+4AmhMlk0g6dyYSZiVBCfsS Nv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOm jCrtOF9WY219Y3Orud3a2d3bP7APj4ZKZB KTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy6 1Ef3RCoqkju9SInP0TShMcVIGyqwux5Hei Z5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4 XiS0MoAFdtvpOFXBVeDWoA3q6gf2h5nFG SeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzI xMEGcKD+v3BXwzDARjIU0L9GwYn9P5Iir8 mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFcca gcVtGBSMqCdZsYQDCkppbIZ4hibA2gbZM CO6y5VUwvOi4Tse97bZ73TqOJjgBp+AcuO AS9MAN6IMBwOABPIEX8Go9Ws/Wm/X+09qw 6plj8Kesz28Kv6Om</latexit><latexit sha1_bas e64="Es+Vlc4xSLL7OF3ywEp+I33cn4A=" >AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwV RIp6LLgxmUF+4AmhMlk0g6dyYSZiVBCfsS Nv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOm jCrtOF9WY219Y3Orud3a2d3bP7APj4ZKZB KTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy6 1Ef3RCoqkju9SInP0TShMcVIGyqwux5Hei Z5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4 XiS0MoAFdtvpOFXBVeDWoA3q6gf2h5nFG SeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzI xMEGcKD+v3BXwzDARjIU0L9GwYn9P5Iir8 mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFcca gcVtGBSMqCdZsYQDCkppbIZ4hibA2gbZM CO6y5VUwvOi4Tse97bZ73TqOJjgBp+AcuO AS9MAN6IMBwOABPIEX8Go9Ws/Wm/X+09qw 6plj8Kesz28Kv6Om</latexit>
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dec  7! u1 . . . um
<latexit sha1_bas e64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=" >AAACHXicbVDLSsNAFJ34rPVVdelmsAiuS iIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt /xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQy qo3rfjtr6xubW9u1nfru3v7BYePouK9lpj DpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjel PnggSlMp7s0sJQFHY0ETipGxVNho+xyZie J5THAR5n4kWaxn3H65n05oUVg91UbCLPT8 WBptAQ8bTbflzguuAq8CTVBVN2x82lmcc SIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5G FAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ 9vO0ote1kryP22UmeQ6yKlIM0MEXixKMga t2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D 8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1 egA25BF/QABo/gGbyCN+fJeXHenY9F65pT zZyAP+V8/QAmnKO5</latexit><latexit sha1_bas e64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=" >AAACHXicbVDLSsNAFJ34rPVVdelmsAiuS iIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt /xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQy qo3rfjtr6xubW9u1nfru3v7BYePouK9lpj DpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjel PnggSlMp7s0sJQFHY0ETipGxVNho+xyZie J5THAR5n4kWaxn3H65n05oUVg91UbCLPT8 WBptAQ8bTbflzguuAq8CTVBVN2x82lmcc SIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5G FAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ 9vO0ote1kryP22UmeQ6yKlIM0MEXixKMga t2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D 8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1 egA25BF/QABo/gGbyCN+fJeXHenY9F65pT zZyAP+V8/QAmnKO5</latexit><latexit sha1_bas e64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=" >AAACHXicbVDLSsNAFJ34rPVVdelmsAiuS iIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt /xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQy qo3rfjtr6xubW9u1nfru3v7BYePouK9lpj DpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjel PnggSlMp7s0sJQFHY0ETipGxVNho+xyZie J5THAR5n4kWaxn3H65n05oUVg91UbCLPT8 WBptAQ8bTbflzguuAq8CTVBVN2x82lmcc SIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5G FAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ 9vO0ote1kryP22UmeQ6yKlIM0MEXixKMga t2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D 8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1 egA25BF/QABo/gGbyCN+fJeXHenY9F65pT zZyAP+V8/QAmnKO5</latexit><latexit sha1_bas e64="Vn9QEFtqHPbDPvOn5qgGfkMUUTI=" >AAACHXicbVDLSsNAFJ34rPVVdelmsAiuS iIFXRbcuKxgH9CEMJlM2qHzCDMToYT8iBt /xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQy qo3rfjtr6xubW9u1nfru3v7BYePouK9lpj DpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjel PnggSlMp7s0sJQFHY0ETipGxVNho+xyZie J5THAR5n4kWaxn3H65n05oUVg91UbCLPT8 WBptAQ8bTbflzguuAq8CTVBVN2x82lmcc SIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5G FAnGig3zuroDnlolhIpV9wsA5+3siR1yXJ 9vO0ote1kryP22UmeQ6yKlIM0MEXixKMga t2zIqGFNFsGEzCxBW1N4K8QQphI0NtG5D 8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1 egA25BF/QABo/gGbyCN+fJeXHenY9F65pT zZyAP+V8/QAmnKO5</latexit>
dec⇡ 7! v1 . . . vn
<latexit sha1_bas e64="lB5L7ip4vM79yXZBR1/CuT1TrD8=" >AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4K rtS0GPBi8cK9gHdZclm0zY0jyXJFsqyf8S Lf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQw qo3rfjuVjc2t7Z3qbm1v/+DwqH580tMyVZ h0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC 78+I0lSKBzNPSMDRWNARxchYKqy3fI7MRP EsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/ lkZbZG0Nt+kuBq4DrwQNUE4nrH9aL045E QYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EK BONFBtkiXwwvLxHAklT3CwAX725EhrouV7 csii17VCvI/bZia0U2QUZGkhgi8/GiUMmj jFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuC txp5HfSump7b9O5bjXarrKMKzsA5uAQeuA ZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzS cwr+jPP1A7tHo3Q=</latexit><latexit sha1_bas e64="lB5L7ip4vM79yXZBR1/CuT1TrD8=" >AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4K rtS0GPBi8cK9gHdZclm0zY0jyXJFsqyf8S Lf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQw qo3rfjuVjc2t7Z3qbm1v/+DwqH580tMyVZ h0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC 78+I0lSKBzNPSMDRWNARxchYKqy3fI7MRP EsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/ lkZbZG0Nt+kuBq4DrwQNUE4nrH9aL045E QYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EK BONFBtkiXwwvLxHAklT3CwAX725EhrouV7 csii17VCvI/bZia0U2QUZGkhgi8/GiUMmj jFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuC txp5HfSump7b9O5bjXarrKMKzsA5uAQeuA ZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzS cwr+jPP1A7tHo3Q=</latexit><latexit sha1_bas e64="lB5L7ip4vM79yXZBR1/CuT1TrD8=" >AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4K rtS0GPBi8cK9gHdZclm0zY0jyXJFsqyf8S Lf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQw qo3rfjuVjc2t7Z3qbm1v/+DwqH580tMyVZ h0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC 78+I0lSKBzNPSMDRWNARxchYKqy3fI7MRP EsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/ lkZbZG0Nt+kuBq4DrwQNUE4nrH9aL045E QYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EK BONFBtkiXwwvLxHAklT3CwAX725EhrouV7 csii17VCvI/bZia0U2QUZGkhgi8/GiUMmj jFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuC txp5HfSump7b9O5bjXarrKMKzsA5uAQeuA ZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzS cwr+jPP1A7tHo3Q=</latexit><latexit sha1_bas e64="lB5L7ip4vM79yXZBR1/CuT1TrD8=" >AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4K rtS0GPBi8cK9gHdZclm0zY0jyXJFsqyf8S Lf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQw qo3rfjuVjc2t7Z3qbm1v/+DwqH580tMyVZ h0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC 78+I0lSKBzNPSMDRWNARxchYKqy3fI7MRP EsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/ lkZbZG0Nt+kuBq4DrwQNUE4nrH9aL045E QYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EK BONFBtkiXwwvLxHAklT3CwAX725EhrouV7 csii17VCvI/bZia0U2QUZGkhgi8/GiUMmj jFlXBmCqCDZtbgLCidleIJ0ghbGyhNVuC txp5HfSump7b9O5bjXarrKMKzsA5uAQeuA ZtcAc6oAsweATP4BW8OU/Oi/PufCyfVpzS cwr+jPP1A7tHo3Q=</latexit>
Translation
enc  7! g1 . . . gl
<latexit sha1_base64="Es+Vlc4xSLL7 OF3ywEp+I33cn4A=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp6LLgxmUF+4AmhM lk0g6dyYSZiVBCfsSNv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOmjCrtOF9WY219Y3Oru d3a2d3bP7APj4ZKZBKTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy61Ef3RCoqkju9SInP0 TShMcVIGyqwux5HeiZ5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4XiS0MoAFdtvpOFXB VeDWoA3q6gf2h5nFGSeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzIxMEGcKD+v3BXwzDAR jIU0L9GwYn9P5Iir8mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFccagcVtGBSMqCdZsYQD CkppbIZ4hibA2gbZMCO6y5VUwvOi4Tse97bZ73TqOJjgBp+AcuOAS9MAN6IMBwOABPIE X8Go9Ws/Wm/X+09qw6plj8Kesz28Kv6Om</latexit><latexit sha1_base64="Es+Vlc4xSLL7 OF3ywEp+I33cn4A=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp6LLgxmUF+4AmhM lk0g6dyYSZiVBCfsSNv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOmjCrtOF9WY219Y3Oru d3a2d3bP7APj4ZKZBKTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy61Ef3RCoqkju9SInP0 TShMcVIGyqwux5HeiZ5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4XiS0MoAFdtvpOFXB VeDWoA3q6gf2h5nFGSeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzIxMEGcKD+v3BXwzDAR jIU0L9GwYn9P5Iir8mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFccagcVtGBSMqCdZsYQD CkppbIZ4hibA2gbZMCO6y5VUwvOi4Tse97bZ73TqOJjgBp+AcuOAS9MAN6IMBwOABPIE X8Go9Ws/Wm/X+09qw6plj8Kesz28Kv6Om</latexit><latexit sha1_base64="Es+Vlc4xSLL7 OF3ywEp+I33cn4A=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp6LLgxmUF+4AmhM lk0g6dyYSZiVBCfsSNv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOmjCrtOF9WY219Y3Oru d3a2d3bP7APj4ZKZBKTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy61Ef3RCoqkju9SInP0 TShMcVIGyqwux5HeiZ5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4XiS0MoAFdtvpOFXB VeDWoA3q6gf2h5nFGSeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzIxMEGcKD+v3BXwzDAR jIU0L9GwYn9P5Iir8mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFccagcVtGBSMqCdZsYQD CkppbIZ4hibA2gbZMCO6y5VUwvOi4Tse97bZ73TqOJjgBp+AcuOAS9MAN6IMBwOABPIE X8Go9Ws/Wm/X+09qw6plj8Kesz28Kv6Om</latexit><latexit sha1_base64="Es+Vlc4xSLL7 OF3ywEp+I33cn4A=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp6LLgxmUF+4AmhM lk0g6dyYSZiVBCfsSNv+LGhSIu3Ih/4yRmoa0Xhjmccy/3nhOmjCrtOF9WY219Y3Oru d3a2d3bP7APj4ZKZBKTARZMyHGIFGE0IQNNNSPjVBLEQ0ZG4fy61Ef3RCoqkju9SInP0 TShMcVIGyqwux5HeiZ5ThJcBLkXChapBTdf7qUzWhRGT5UWcBq4XiS0MoAFdtvpOFXB VeDWoA3q6gf2h5nFGSeJxgwpNXGdVPs5kppiRoqWlymSIjxHUzIxMEGcKD+v3BXwzDAR jIU0L9GwYn9P5Iir8mTTWXpRy1pJ/qdNMh1f+TlN0kyX7qtFccagcVtGBSMqCdZsYQD CkppbIZ4hibA2gbZMCO6y5VUwvOi4Tse97bZ73TqOJjgBp+AcuOAS9MAN6IMBwOABPIE X8Go9Ws/Wm/X+09qw6plj8Kesz28Kv6Om</latexit>
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dec  7! u1 . . . um
<latexit sha1_base64="Vn9QEFtqHPbD PvOn5qgGfkMUUTI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJ lM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1n fru3v7BYePouK9lpjDpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY 0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguu Aq8CTVBVN2x82lmccSIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolh IpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxB W1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGby CN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbD PvOn5qgGfkMUUTI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJ lM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1n fru3v7BYePouK9lpjDpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY 0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguu Aq8CTVBVN2x82lmccSIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolh IpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxB W1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGby CN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbD PvOn5qgGfkMUUTI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJ lM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1n fru3v7BYePouK9lpjDpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY 0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguu Aq8CTVBVN2x82lmccSIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolh IpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxB W1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGby CN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit><latexit sha1_base64="Vn9QEFtqHPbD PvOn5qgGfkMUUTI=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSiIFXRbcuKxgH9CEMJ lM2qHzCDMToYT8iBt/xY0LRVy4Ef/GSZuFtl4Y5nDOvdx7TpQyqo3rfjtr6xubW9u1n fru3v7BYePouK9lpjDpYcmkGkZIE0YF6RlqGBmmiiAeMTKIpjelPnggSlMp7s0sJQFHY 0ETipGxVNho+xyZieJ5THAR5n4kWaxn3H65n05oUVg91UbCLPT8WBptAQ8bTbflzguu Aq8CTVBVN2x82lmccSIMZkjrkeemJsiRMhQzUtT9TJMU4Skak5GFAnGig3zuroDnlolh IpV9wsA5+3siR1yXJ9vO0ote1kryP22UmeQ6yKlIM0MEXixKMgat2zIqGFNFsGEzCxB W1N4K8QQphI0NtG5D8JYtr4L+ZctzW95du9lpV3HUwCk4AxfAA1egA25BF/QABo/gGby CN+fJeXHenY9F65pTzZyAP+V8/QAmnKO5</latexit>
dec⇡ 7! v1 . . . vn
<latexit sha1_base64="lB5L7ip4vM79 yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4KrtS0GPBi8cK9gHdZc lm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2t7Z3qb m1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC78+I0lSKBzNPSMDRW NARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZG0Nt+kuBq4D rwQNUE4nrH9aL045EQYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EKBONFBtkiXwwvLxHAk lT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMmjjFlXBmCqCDZtbgLC idleIJ0ghbGyhNVuCtxp5HfSump7b9O5bjXarrKMKzsA5uAQeuAZtcAc6oAsweATP4BW 8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit><latexit sha1_base64="lB5L7ip4vM79 yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4KrtS0GPBi8cK9gHdZc lm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2t7Z3qb m1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC78+I0lSKBzNPSMDRW NARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZG0Nt+kuBq4D rwQNUE4nrH9aL045EQYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EKBONFBtkiXwwvLxHAk lT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMmjjFlXBmCqCDZtbgLC idleIJ0ghbGyhNVuCtxp5HfSump7b9O5bjXarrKMKzsA5uAQeuAZtcAc6oAsweATP4BW 8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit><latexit sha1_base64="lB5L7ip4vM79 yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4KrtS0GPBi8cK9gHdZc lm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2t7Z3qb m1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC78+I0lSKBzNPSMDRW NARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZG0Nt+kuBq4D rwQNUE4nrH9aL045EQYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EKBONFBtkiXwwvLxHAk lT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMmjjFlXBmCqCDZtbgLC idleIJ0ghbGyhNVuCtxp5HfSump7b9O5bjXarrKMKzsA5uAQeuAZtcAc6oAsweATP4BW 8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit><latexit sha1_base64="lB5L7ip4vM79 yXZBR1/CuT1TrD8=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJ4KrtS0GPBi8cK9gHdZc lm0zY0jyXJFsqyf8SLf8WLB0U8eBH/jdl2D9r6QcgwkyHfTJQwqo3rfjuVjc2t7Z3qb m1v/+DwqH580tMyVZh0sWRSDSKkCaOCdA01jAwSRRCPGOlH09tC78+I0lSKBzNPSMDRW NARxchYKqy3fI7MRPEsJjgPMz+SLNZzbq/MT2ieWznRRsJZ6EE/lkZbZG0Nt+kuBq4D rwQNUE4nrH9aL045EQYzpPXQcxMTZEgZihnJa36qSYLwFI3J0EKBONFBtkiXwwvLxHAk lT3CwAX725EhrouV7csii17VCvI/bZia0U2QUZGkhgi8/GiUMmjjFlXBmCqCDZtbgLC idleIJ0ghbGyhNVuCtxp5HfSump7b9O5bjXarrKMKzsA5uAQeuAZtcAc6oAsweATP4BW 8OU/Oi/PufCyfVpzScwr+jPP1A7tHo3Q=</latexit>
Translation
(g) Concatenated (CONCAT)
enc 7! h1 . . . hl
<latexit sha1_base64="VUB44tSc1dbZ wgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8 JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sb lW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeU F/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aX pIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC 67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa 8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFa ccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZ wgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8 JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sb lW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeU F/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aX pIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC 67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa 8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFa ccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZ wgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8 JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sb lW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeU F/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aX pIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC 67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa 8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFa ccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="hP+6LrUf2d3t ZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5 RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfN fzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUC k7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPN M7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0V o5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9C BLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="QU0k4zwTKRiZ dz0ct65gJ8VI6O0=">AAAB/nicbZBNS8NAEIYn9avWqtGrl8UieCqJFz0KXjxWsB/Qhr DZbtqlu0nYnQgl9OrFv+LFgyL+DG/+GzexB20dWHh4Z4eZ940yKQx63pdT29jc2t6p7 zb2mvsHh+5Rs2fSXDPeZalM9SCihkuR8C4KlHyQaU5VJHk/mt2U/f4D10akyT3OMx4oO klELBhFK4UuGSmKU60KnrCF5cxgSqahPxqnaCzI0G15ba8qsg7+ElqwrE7oftpZliue IJPUmKHvZRgUVKNgki8ao9zwjLIZnfChxYQqboKicrIgZ1YZkzjV9iVIKvX3REGVMXMV 2Z/l3Wa1V4r/9YY5xldBIZIsx9JptSjOJbFuy1jIWGjOUM4tUKaFvZWwKdWUoQ2vYUP wVy2vQ++i7Xtt/86DOpzAKZyDD5dwDbfQgS4weIRneIU358l5cd5/4qo5y9yO4U85H99 Ex5j7</latexit><latexit sha1_base64="QU0k4zwTKRiZ dz0ct65gJ8VI6O0=">AAAB/nicbZBNS8NAEIYn9avWqtGrl8UieCqJFz0KXjxWsB/Qhr DZbtqlu0nYnQgl9OrFv+LFgyL+DG/+GzexB20dWHh4Z4eZ940yKQx63pdT29jc2t6p7 zb2mvsHh+5Rs2fSXDPeZalM9SCihkuR8C4KlHyQaU5VJHk/mt2U/f4D10akyT3OMx4oO klELBhFK4UuGSmKU60KnrCF5cxgSqahPxqnaCzI0G15ba8qsg7+ElqwrE7oftpZliue IJPUmKHvZRgUVKNgki8ao9zwjLIZnfChxYQqboKicrIgZ1YZkzjV9iVIKvX3REGVMXMV 2Z/l3Wa1V4r/9YY5xldBIZIsx9JptSjOJbFuy1jIWGjOUM4tUKaFvZWwKdWUoQ2vYUP wVy2vQ++i7Xtt/86DOpzAKZyDD5dwDbfQgS4weIRneIU358l5cd5/4qo5y9yO4U85H99 Ex5j7</latexit><latexit sha1_base64="hkPcVEmplWfu a4EYCsPNlqriWCY=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURQZcFNy4r2Au0IU ymk3bozCTMTIQSunXjq7hxoYhb38Cdb+MkZqGtBwY+/nMOc/4/SjnTxvO+nJXVtfWNz dpWfXtnd2/fPTjs6iRThHZIwhPVj7CmnEnaMcxw2k8VxSLitBdNr4t+754qzRJ5Z2YpD QQeSxYzgo2VQhcNBTYTJXIqydxyqk2CJqE/HCVGW+Ch2/CaXlloGfwKGlBVO3Q/7S7J BJWGcKz1wPdSE+RYGUY4ndeHmaYpJlM8pgOLEguqg7x0MkenVhmhOFH2SYNK9fdGjoXW MxHZyeJuvdgrxP96g8zEV0HOZJqZwmn5UZxxZN0WsaARU5QYPrOAiWL2VkQmWGFibHh 1G4K/aHkZuudN32v6t16jdVHFUYNjOIEz8OESWnADbegAgQd4ghd4dR6dZ+fNef8ZXXG qnSP4U87HN+H6ml0=</latexit><latexit sha1_base64="VUB44tSc1dbZ wgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8 JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sb lW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeU F/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aX pIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC 67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa 8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFa ccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZ wgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8 JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sb lW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeU F/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aX pIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC 67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa 8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFa ccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZ wgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8 JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sb lW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeU F/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aX pIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC 67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa 8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFa ccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZ wgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8 JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sb lW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeU F/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aX pIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC 67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa 8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFa ccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZ wgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8 JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sb lW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeU F/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aX pIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC 67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa 8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFa ccucY/pTz8Q3jOpph</latexit><latexit sha1_base64="VUB44tSc1dbZ wgUmJWzgfgpT5KA=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHRZcOOygr1AG8 JkOmmHzkzCzEQooVs3voobF4q49Q3c+TZOYhbaemDg4z/nMOf/w4QzbVz3y6msrW9sb lW3azu7e/sH9cOjno5TRWiXxDxWgxBrypmkXcMMp4NEUSxCTvvh7Drv9++p0iyWd2aeU F/giWQRI9hYKaijkcBmqkRGJVlYTrSJ0TTwRuPYaAs8qDfcplsUWgWvhAaU1Qnqn3aX pIJKQzjWeui5ifEzrAwjnC5qo1TTBJMZntChRYkF1X5WOFmgM6uMURQr+6RBhfp7I8NC 67kI7WR+t17u5eJ/vWFqois/YzJJTe60+ChKObJu81jQmClKDJ9bwEQxeysiU6wwMTa 8mg3BW7a8Cr2Lpuc2vdtWo90q46jCCZzCOXhwCW24gQ50gcADPMELvDqPzrPz5rz/jFa ccucY/pTz8Q3jOpph</latexit>
Transcript || Translation
dec 7! u1 . . . um+n
<latexit sha1_base64="JDVcEplVFGqi 3a4JDENrnjL/fw4=">AAACDXicbZDLSsNAFIZPvNZ6i7p0E6yCIJRECrosuHFZwV6gDW EymbRDZyZhZiKU0Bdw46u4caGIW/fufBsnbRba+sPAx3/OYc75w5RRpV3321pZXVvf2 KxsVbd3dvf27YPDjkoyiUkbJyyRvRApwqggbU01I71UEsRDRrrh+Kaodx+IVDQR93qSE p+joaAxxUgbK7BPBxzpkeR5RPDUcKp04mSBN4gSrQzk/EJMA7vm1t2ZnGXwSqhBqVZg f5l5nHEiNGZIqb7nptrPkdQUMzKtDjJFUoTHaEj6BgXiRPn57Jqpc2acyIkTaZ7Qzsz9 PZEjrtSEh6az2F0t1grzv1o/0/G1n1ORZpoIPP8ozphjLi6icSIqCdZsYgBhSc2uDh4 hibA2AVZNCN7iycvQuax7bt27a9SajTKOChzDCZyDB1fQhFtoQRswPMIzvMKb9WS9WO/ Wx7x1xSpnjuCPrM8fJnGcKw==</latexit><latexit sha1_base64="JDVcEplVFGqi 3a4JDENrnjL/fw4=">AAACDXicbZDLSsNAFIZPvNZ6i7p0E6yCIJRECrosuHFZwV6gDW EymbRDZyZhZiKU0Bdw46u4caGIW/fufBsnbRba+sPAx3/OYc75w5RRpV3321pZXVvf2 KxsVbd3dvf27YPDjkoyiUkbJyyRvRApwqggbU01I71UEsRDRrrh+Kaodx+IVDQR93qSE p+joaAxxUgbK7BPBxzpkeR5RPDUcKp04mSBN4gSrQzk/EJMA7vm1t2ZnGXwSqhBqVZg f5l5nHEiNGZIqb7nptrPkdQUMzKtDjJFUoTHaEj6BgXiRPn57Jqpc2acyIkTaZ7Qzsz9 PZEjrtSEh6az2F0t1grzv1o/0/G1n1ORZpoIPP8ozphjLi6icSIqCdZsYgBhSc2uDh4 hibA2AVZNCN7iycvQuax7bt27a9SajTKOChzDCZyDB1fQhFtoQRswPMIzvMKb9WS9WO/ Wx7x1xSpnjuCPrM8fJnGcKw==</latexit><latexit sha1_base64="JDVcEplVFGqi 3a4JDENrnjL/fw4=">AAACDXicbZDLSsNAFIZPvNZ6i7p0E6yCIJRECrosuHFZwV6gDW EymbRDZyZhZiKU0Bdw46u4caGIW/fufBsnbRba+sPAx3/OYc75w5RRpV3321pZXVvf2 KxsVbd3dvf27YPDjkoyiUkbJyyRvRApwqggbU01I71UEsRDRrrh+Kaodx+IVDQR93qSE p+joaAxxUgbK7BPBxzpkeR5RPDUcKp04mSBN4gSrQzk/EJMA7vm1t2ZnGXwSqhBqVZg f5l5nHEiNGZIqb7nptrPkdQUMzKtDjJFUoTHaEj6BgXiRPn57Jqpc2acyIkTaZ7Qzsz9 PZEjrtSEh6az2F0t1grzv1o/0/G1n1ORZpoIPP8ozphjLi6icSIqCdZsYgBhSc2uDh4 hibA2AVZNCN7iycvQuax7bt27a9SajTKOChzDCZyDB1fQhFtoQRswPMIzvMKb9WS9WO/ Wx7x1xSpnjuCPrM8fJnGcKw==</latexit><latexit sha1_base64="JDVcEplVFGqi 3a4JDENrnjL/fw4=">AAACDXicbZDLSsNAFIZPvNZ6i7p0E6yCIJRECrosuHFZwV6gDW EymbRDZyZhZiKU0Bdw46u4caGIW/fufBsnbRba+sPAx3/OYc75w5RRpV3321pZXVvf2 KxsVbd3dvf27YPDjkoyiUkbJyyRvRApwqggbU01I71UEsRDRrrh+Kaodx+IVDQR93qSE p+joaAxxUgbK7BPBxzpkeR5RPDUcKp04mSBN4gSrQzk/EJMA7vm1t2ZnGXwSqhBqVZg f5l5nHEiNGZIqb7nptrPkdQUMzKtDjJFUoTHaEj6BgXiRPn57Jqpc2acyIkTaZ7Qzsz9 PZEjrtSEh6az2F0t1grzv1o/0/G1n1ORZpoIPP8ozphjLi6icSIqCdZsYgBhSc2uDh4 hibA2AVZNCN7iycvQuax7bt27a9SajTKOChzDCZyDB1fQhFtoQRswPMIzvMKb9WS9WO/ Wx7x1xSpnjuCPrM8fJnGcKw==</latexit>
(d) Shared direct (SHARED)
enc 7! h1 . . . hl
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Figure 5: Joint models, featuring both coupled infer-
ence and end-to-end training.
roughly follow Chiu et al. (2018)’s multilayer bidi-
rectional LSTM model, which encodes log-Mel
speech features that are stacked and downsampled
by a factor of 3 before being consumed by the
encoder. When a model requires a text encoder
(§4.2), we employ residual connections and feed-
forward blocks similar to Vaswani et al. (2017), al-
though for simplicity we use LSTMs (Hochreiter
and Schmidhuber, 1997) rather than self-attention
in all encoder (and decoder) components. Simi-
larly, decoder components use residual blocks of
(unidirectional) LSTMs and feed-forward compo-
nents (Domhan, 2018).
For ease of reference, we use enc(·) to re-
fer to the encoder component that transforms
speech inputs (or embedded text inputs) into a
hidden encoder representations, dec(·) to refer
to the attentional decoder component that pro-
duces hidden decoder states auto-regressively, and
SoftmaxOut(·) to refer to the output softmax
layer that models discrete output token probabil-
ities. We will subscript components with the pa-
rameter sets pi, φ to indicate cases in which model
components are separately parametrized.
4.2 Cascaded Model (CASC)
The cascaded model (Fig. 4a) represents ST’s tra-
ditional approach of employing separately trained
ASR and MT models (Stentiford and Steer, 1988;
Waibel et al., 1991). Here, we employ modern
sequence-to-sequence ASR and MT components.
CASC runs a speech input x1:l through an ASR
model
g1:l =encφ(x1:l)
ui =decφ(u<i, g1:l, si−1)
P (si | s<i, x1:l) =SoftmaxOutφ(ui),
(5)
decodes the best hypothesis transcript sˆ, and then
applies a separate MT model
h1:l =encpi(sˆ)
vi =decpi(v<i,h1:l, ti−1)
P (ti | t<i, sˆ) =SoftmaxOutpi(vi)
(6)
to generate a translation.
With respect to the two desirable characteris-
tics of a consistent model, notice that CASC uses
a coupled inference procedure, in the sense that
no strong independence assumptions are made be-
tween transcript and translation. CASC may there-
fore be a good candidate for consistent speech
transcription/translation. However, it is less
straight-forward to apply end-to-end training to
cascaded models.
4.3 Direct Models
To improve over the cascaded approach, recent
work has focused on end-to-end trainable mod-
els, with direct ST models being the most proto-
typical end-to-end model. In the following, we
describe straightforward ways of extending direct
models in order to apply them to our joint tran-
scription/translation task. Note that these direct
models (Fig. 4b-d) generate transcripts and trans-
lations independently at inference time. In other
words, these models do not support coupled in-
ference, which may degrade consistency between
transcript and translation.
It is worth discussing how our consistent tran-
scription/translation scenario relates to the issue
of error propagation, an important issue in ST
in which translations are degraded due to poor
transcription decisions. Prior research on direct
ST models has often been motivated by the ob-
servation that direct ST models elegantly avoid
the error propagation problem. However, note
that by shifting perspective to the joint transcrip-
tion/translation goal, error propagation loses much
of its relevance. First, error propagation is usually
used to describe the negative effect of intermedi-
ate decisions, but here transcripts no longer func-
tion as intermediates. Second, strategies to miti-
gate error propagation often seek to make trans-
lations less influenced by transcription decisions.
This is in conflict with our goal of achieving con-
sistency between transcript and translation, which
calls for precisely the opposite: transcription and
translation decisions should strongly depend on
each other.
4.3.1 Independent Direct Model (DIRIND)
A simple way of employing direct modeling
strategies for our purposes is to use two indepen-
dent direct models, one for transcription, one for
translation (Fig. 4b). Specifically, we compute
g1:l =encφ(x1:l)
ui =decφ(u<i, g1:l, si−1)
P (si | s<i, x1:l) =SoftmaxOutφ(ui)
h1:l =encpi(x1:l)
vi =decpi(v<i,h1:l, ti−1)
P (ti | t<i, x1:l) =SoftmaxOutpi(vi).
(7)
We are not aware of prior work using indepen-
dent models for transcription and translation. We
include this model as a contrastive baseline for the
subsequent two models.
4.3.2 Multitask Direct Model (DIRMU)
A major weakness of DIRIND is that transcription
and translation models are trained separately. A
better solution is to follow Weiss et al. (2017)’s
approach and sharing the speech encoder between
transcription and translation models while making
use of multitask training. Compared to Eq. 7, encφ
and encpi would be collapsed into a shared encoder
(Fig. 4c). Note that originally, Weiss et al. (2017)
and follow-up works use the transcript decoder
only to aid training and exploit additional data for
ASR as a related task in multitask learning. How-
ever, it is straight-forward to employ the transcript
decoder during inference for our purposes.
4.3.3 Shared Direct Model (DIRSH)
We can also take the amount of sharing to
the extreme by sharing all weights, not just
encoder weights. Increasing the amount of
shared parameters may positively impact tran-
scription/translation consistency. We are not
aware of prior work using this model variant for
performing speech translation. Compared to Eq. 7,
both encφ/encpi and decφ/decpi are collapsed into
a shared encoder and a shared decoder (Fig. 4d).
4.4 Joint Models
We previously discussed CASC as a model that
features coupled inference but does not support
end-to-end training. We also discussed several di-
rect models, some of which support end-to-end
training, but none of which follow a coupled in-
ference procedure. This section introduces joint
models that support both end-to-end training and
coupled inference.2
4.4.1 Two-Stage Model (2ST)
The two-stage model (Kano et al., 2017) is con-
ceptually close to the cascaded approach but is
end-to-end trainable because continuous transcript
decoder states are passed on to the translation
stage. Following Sperber et al. (2019)’s formu-
lation, we re-use Eq. 5 to model a transcript s and
hidden decoder states um1 , and then compute
vi =decpi(v<i,u
m
1 )
P (ti | t<i,u1:m) =SoftmaxOutpi(vi).
(8)
Beam search is applied to decode transcripts, as
well as the corresponding hidden decoder states
2It is worth noting that the models discussed in §4.4 match
our joint optimization goal exactly: P (t|s,x)P (s|x) =
P (t, s|x). This is in contrast to CASC which assumes con-
ditional independence between translation and input speech,
given the transcript. However, we do not expect this to be of
major importance for purposes of generating consistent tran-
scripts and translations.
u1:m that are then translated. Note that in con-
trast to our paper, Kano et al. (2017) and Sperber
et al. (2019) treat transcripts only as intermediate
computations and do not report transcription accu-
racies.
4.4.2 Triangle Model (TRI)
The triangle model (Anastasopoulos and Chiang,
2018) extends 2ST by adding a second attention
mechanism to the translation decoder that directly
attends to the encoded speech inputs. Eq. 5 is
reused for transcription, and translations are com-
puted as
vi = decpi(v<i, [u1:m;h1:l], ti−1)
P (ti|t<i,u1:m,x1:l)=SoftmaxOutpi(vi).
(9)
TRI can be seen as combining DIRMU’s ad-
vantage of featuring a direct connection between
speech and translation, and 2ST’s advantage of
supporting joint inference. Anastasopoulos and
Chiang (2018) evaluate both transcription and
translation accuracy in a low-resource setting and
report consistent improvements for the latter but
less reliable gains for the former.
4.4.3 Concatenated Model (CONCAT)
Haghani et al. (2018) propose a sequence-to-
sequence model that produces the concatenation
of two outputs sequences in the context of spo-
ken language understanding. To our knowledge
it has not been employed in a ST context before,
but is a very natural fit for our joint transcrip-
tion/translation scenario. CONCAT shares both
the encoder and the decoder, leading to improved
compactness:
r1:m+n :=s1 . . . smt1 . . . tn
g1:l =enc(x1:l)
ui =dec(u<i,g1:l, ri−1)
P (ri | r<i,x1:l) =SoftmaxOut(ui).
(10)
5 Consistency as Training and Inference
Objectives
Having surveyed models that are suitable for our
task to various degrees, we next explore simple
ways to further improve the consistency of the
generated outputs through adjusting training or in-
ference objectives.
5.1 Consistency as Training Objective
At training time, we wish to introduce a loss term
that penalizes inconsistent outputs. While the con-
sistency measures discussed in §3 are all defined
at either the utterance or the corpus level, we de-
fine our loss term at the token level for convenient
integration with the standard cross entropy loss
term. For convenience, we opt to follow the notion
of surface-level consistency (§3.2), according to
which we may encourage models to assign proba-
bility mass to transcript (subword) tokens that ap-
pear in the translation, and to translated tokens that
appear in the transcript.3
Consider the standard cross entropy loss, which
is computed against the ground-truth label distri-
bution q(yi) = δyi,y∗i for predicted label yi at tar-
get position i, assigning all probability mass to the
reference token y∗i . We modify the ground truth
label distribution for transcript and translation out-
puts, respectively:
q′transl(yi) = (1− )δyi,ti +

|s|
∑
w∈s
δyi,w
q′transcr(yi) = (1− )δyi,si +

|t|
∑
w∈t
δyi,w
(11)
This can be seen as an instance of non-uniform
label smoothing with strength  (Szegedy et al.,
2016). In practice, we give this loss term a rel-
ative weight of 0.1 during training, while at the
same time disabling label smoothing. Because this
loss requires access to the complete transcript and
translation, we do not apply it at inference time.
5.2 Consistency as Inference Objective
We can also modify the inference objective to en-
force more consistent outputs. A simple way for
accomplishing this is via n-best rescoring. This
is especially convenient when employing consis-
tency measures such as lexical consistency (§3.1),
which can be computed without referring to a
gold standard. Our approach here follows two
simple steps: First, we compute n-best lists us-
ing standard beam search. Second, we select the
(s, t)-pair that produces the best lexical consis-
tency score. Expectedly, this rescoring approach
will yield improved consistency, while possibly
3Similarly to §3, this strategy targets related languages
with shared alphabets, and our results for an English–German
speech translation task are encouraging (§7.4). We leave it to
future work to explore more elaborate solutions.
degrading transcript or translation accuracy. Fu-
ture work may explore ways for more explicitly
balancing model and consistency scores.
6 Experimental Setup
6.1 Data
We conduct experiments on the MuST-C corpus
(di Gangi et al., 2019), the largest publicly avail-
able ST corpus, containing TED4 talks paired with
English transcripts and translations into several
languages. We present results for German, Span-
ish, Dutch, and Russian as the target language,
where the data size is 408–504 hours of English
speech, corresponding to 234K–270K utterances.
In TED, translated subtitles are not displayed si-
multaneously with the transcribed subtitles, and
consistency is therefore not inherently required
in this data. In practice, however, the manual
translation workflow in TED results in a sufficient
level of consistency between transcripts and trans-
lations. Specifically, transcripts are generated first,
and translators are required to use the transcript as
a starting point while also referring to the audio.5
We use MuST-C dev for validation and report re-
sults on tst-COMMON.
6.2 Model and Training Details
We make use of the 40-dimensional log Mel fil-
terbank speech features provided with the cor-
pus. The only text preprocessing applied to
the training data is subword tokenization using
SentencePiece (Kudo and Richardson, 2018)
with the unigram setting. Following most recent
work on end-to-end ST models, we choose a rel-
atively small vocabulary size of 1024, with tran-
scription/translation vocabularies shared. No ad-
ditional preprocessing steps are applied for train-
ing, but for transcript evaluation we remove punc-
tuation and non-speech event markers such as
(laughter), and compute case-insensitive WER.
For translations, we remove non-speech markers
from the decoded outputs and use SacreBleu6
(Post, 2019) to handle tokenization and scoring.
Model hyperparameters are manually tuned for
the highest accuracy with DIRMU, our most rele-
vant baseline. Unless otherwise noted, the same
hyperparameters are used for all other model
4www.ted.com
5www.ted.com/participate/translate
6hash: case.lc+numrefs.1+smooth.4+tok.13a+version.1.4.3
Model E2E training t | s
§4.2 CASC – attention
§4.3.1 DIRIND – –
§4.3.2 DIRMU –
§4.3.3 DIRSH –
§4.4.1 TRI attention
§4.4.2 2ST attention
§4.4.3 CONCAT sequential
Table 1: Overview of models and key properties. All
models except CASC/DIRIND are end-to-end (E2E)
trained. Models also differ in whether translations are
conditioned on transcripts (t|s), and whether condi-
tioning is implemented through attention or through se-
quential decoder states.
types. Weights for the speech encoder are initial-
ized based on a pre-trained attentional ASR task
that is identical to the ASR part of the direct mul-
titask model. Other weights are initialized accord-
ing to Glorot and Bengio (2010). The speech en-
coder is a 5-layer bidirectional LSTM with 700 di-
mensions per direction. Attentional decoders con-
sist of 2 Transformer blocks (Vaswani et al., 2017)
but use 1024-dimensional unidirectional LSTM
instead of self-attention as a sequence model, ex-
cept for the CONCAT and DIRSH for which we
increase to 3 layers. For CASC’s MT model, en-
coder/decoder both contain 6 layers with 1024-
dimensional LSTMs. Subword embeddings are of
size 1024.
We regularize using LSTM dropout with
p=0.3, decoder input word-type dropout (Gal and
Ghahramani, 2016), and attention dropout, both
p=0.1. We apply label smoothing with strength
=0.1. We optimize using Adam (Kingma and Ba,
2014) with α=0.0005, β1=0.9, β2=0.98, 4000
warm-up steps and learning rate decay by using
the inverse square root of the iteration. We set
the batch size dynamically based on the sentence
length, such that the average batch size is 128 ut-
terances. The training is stopped when the valida-
tion score has not improved over 3 epochs, where
the validation score is the product of corpus-level
translation BLEU score and corpus-level tran-
scription word accuracy.
For decoding and generating n-best lists, we
use beam size 10 and polynomial length normal-
ization with exponent 1.5. Our implementation
is based on PyTorch (Paszke et al., 2019) and
xnmt (Neubig et al., 2018), and all trainings are
done using single-GPU environments, employing
Tesla V100 GPUs with 32 GB memory.
6.3 Human Ratings
To obtain a gold standard to compare our proposed
automatic consistency metrics against, we collect
transcript/translation consistency ratings from hu-
man annotators. The annotators are presented a
single transcript/translation pair at a time, and are
asked to judge the consistency on a 4-point Likert
scale. We aimed for a balanced scale which as-
signed a score of 4 to cases with no or only minor
mismatch, a score of 3 to indicate a purely stylis-
tic mismatch, a score of 2 to indicate a partial se-
mantic mismatch, and a score of 1 to a complete
semantic mismatch. Instructions given to the an-
notators include an explanation of the definition
given in §2 along with a table of several examples
for each of the 4 categories. We displayed tran-
scripts and translations in randomized order, so as
to obfuscate the directionality of the translation,
and do not provide the source speech utterances.
Annotators are recruited from an in-house pool of
trusted annotators and required to be proficient En-
glish and German speakers.
For each of the 2641 speech utterances in the
MuST-C English-German test set, we collect an-
notations for 8 transcript/translation pairs: 7 sys-
tem outputs produced by the models in Table 1,
and the reference transcript/translation pairs. Each
transcript/translation item is rated individually and
by at least three different annotators. In total, we
employed 58 raters to produce 63412 ratings. We
fit a linear mixed-effects model on the result using
the lme4 package (Bates et al., 2013), which al-
lows estimating the consistency of the outputs for
each system, while accounting for random effects
of each annotator and of each input sentence. We
refer to (Norman, 2010; Gibson et al., 2011) for
a discussion of using mixed-effects models in the
context of Likert-scale ratings.
7 Results
We start by presenting empirical results across
all four language pairs, and will then focus on
English–German to discuss details. Table 1 con-
trasts the different model types that we examine.
7.1 Accuracy Comparison
To validate our implementation and to evaluate the
overall model accuracy, Table 2 compares mod-
els across four language pairs. The table confirms
that, except for DIRIND, our models obtain strong
overall accuracies, as compared to prior work on
the same data by Di Gangi et al. (2019).7 Over-
all, CASC outperforms CONCAT and the 3 direct
models in terms of WER and BLEU. 2ST/TRI
achieve similar or stronger translation accuracy
compared to CASC. Joint model training (used
by all models except CASC and DIRIND) seems
to hurt transcription accuracy somewhat, although
the differences are often not statistically signifi-
cant. This may be caused by an inherent tradeoff
between translation and transcription accuracy, as
discussed by He et al. (2011). Finally, CONCAT
achieves favorable transcription accuracies, while
translation accuracies fall between direct models
and non-direct models in most cases.
7.2 Lexical Consistency Comparison
Table 2 also shows results for lexical consistency.
Without exception, 2ST/TRI achieve the best re-
sults, followed by CASC and CONCAT. The di-
rect models perform poorly in all cases. Given that
CASC is by design a natural choice for joint tran-
scription/translation, we did not necessarily expect
2ST/TRI to achieve better consistency. This en-
couraging evidence for the versatility of end-to-
end trainable models is also supported by human
ratings (§7.3).
To categorize models regarding inference pro-
cedure and end-to-end training (Table 1), we ob-
serve that coupled inference (all non-direct mod-
els) is most decisive for achieving good consis-
tency, with conditioning on generated transcripts
through sequential hidden states (CONCAT) be-
ing less effective than conditioning through atten-
tion (other non-direct models). End-to-end train-
ing also appears beneficial for consistency (CASC
vs. 2ST/TRI and DIRIND vs. DIRMU/DIRSH).
7.3 Analysis of Consistency Metrics
Table 3 presents more details for English–German
and includes human ratings as gold standard,
along with all four proposed automatic consis-
tency measures. Note that the reported human
ratings correspond to the intercepts of the linear
mixed-effects model (§6.3). The fitted model es-
7Concurrent work (Liu et al., 2020) obtains better tran-
scription results, but compiles its own version of the TED
corpus, thus it is unclear to what extent differences can be at-
tributed to better data filtering strategies, which are known to
be a potential issue in MuST-C.
EN→DE EN→ES EN→NL EN→RU
Model ↓ WER ↑ BLEU ↓ Lex WER BLEU Lex WER BLEU Lex WER BLEU Lex
SOTA cc 27.0 18.5 − 26.6 22.5 − 26.6 22.2 − 27.0 11.1 −
SOTA dir − 17.3 − − 20.8 − − 18.8 − − 8.5 −
CASC 21.6 19.3 10.4 20.5 25.2 8.4 20.6 23.5 10.1 20.5 13.4 11.3
DIRIND 21.6 11.0 21.1 20.5 16.5 17.8 20.6 14.9 20.9 20.5 3.4 29.0
DIRMU 23.6 18.4 13.9 21.7 24.3 11.6 23.2 22.3 14.3 22.4 13.0 13.9
DIRSH 23.6 19.0 14.7 21.3 24.1 11.5 22.0 22.7 14.2 22.3 13.6 13.6
2ST 22 .2 20.1 9 .9 21 .4 24.2 7.8 22.6 23 .4 9.4 21.4 14 .0 10.7
TRI 22 .2 19 .9 9.7 21 .0 24 .7 7 .9 24.4 22.6 8.9 21.2 14.2 10.7
CONCAT 21 .9 19.2 12.8 20 .6 23.7 10.8 21.9 22.8 12.5 21.5 13.3 13.3
Table 2: Comparison of WER, BLEU, lexical consistency (Lex; §3.1) across several language pairs. We compare
against state-of-the-art (SOTA) results under same data conditions by Di Gangi et al. (2019), where cc denotes a
cascaded model, dir denotes a direct model. Bold font indicates the best score. Results that are not statistically
significantly worse than the best score in the same column are in italics (pairwise bootstrap resampling (Koehn,
2004), p<0.05).
Transcript Translation Consistency
Model Params. ↓ WER ↑ BLEU ↓ CharCut ↓ Lex ↑ Sur ↑ Cor ↑ Cmb ↑ Human
CASC 223M 21.6 19.2 47.2 10.36 10.65 0.396 0.474 3.119
DIRIND 175M 21.6 11.0 60.3 21.13 5.24 0.346 0.374 2.195
DIRMU 124M 23.6 18.4 48.7 13.89 7.07 0.376 0.457 2.715
DIRSH 106M 23.6 19.0 47.9 14.71 8.54 0.371 0.464 2.776
2ST 122M 22 .2 20.1 46.1 9 .86 12.08 0.391 0.484 3.170
TRI 141M 22 .2 19 .9 46 .3 9.72 11 .54 0.414 0.484 3.192
CONCAT 106M 21 .9 19.2 47.1 12.79 9.60 0.387 0.477 2.875
Reference – 0 100 0 12.6 13.3 1 1 3.594
Table 3: Detailed consistency results, including surface form consistency (Sur; §3.2), correlation of error (Cor;
§3.3), and the combined task-specific metric (Cmb; §3.4). Bold font indicates the best score among automatic
outputs. Results that are not statistically significantly worse than the best score in the same column are in italics.
timates the standard deviation of the random ef-
fect for annotators at 0.28 and for input sentences
at 0.37. All pairwise differences between the sys-
tems in the Table are statistically significant (p <
0.01) according to an ANOVA test.
Encouragingly, lexical and surface form con-
sistencies are aligned, and follow the same same
trends as the gold standard. The correlation-
based measure agrees on the inferior consistency
of direct models and the superior consistency of
TRI, while producing slightly different orderings
among the remaining models. According to our
combined dialog-specific measure, TRI/2ST are
tied for the best overall model.
One noteworthy observation is that lexical con-
sistency of references is far worse than for 2St/TRI
outputs. This contradicts the gold standard outputs
and is possibly caused by both the system outputs
and the lexical consistency score being overly lit-
eral and biased toward high-frequent outputs. For
comparison against references, the surface form
consistency therefore appears to be a better choice.
7.4 Directly Optimizing for Consistency
Table 4 considers the English–German translation
direction, and examines the effect of using strate-
gies for direct optimization of consistency at train-
ing and inference time (§5). All of the exam-
ined techniques improve consistency, though of-
ten at the cost of degraded accuracy. The training-
time techniques appear more detrimental to tran-
scription accuracy, while the inference-time tech-
niques are more detrimental to translation accu-
racy. While DIRMU benefits strongly from these
techniques, it still falls behind TRI’s consistency.
For TRI, on the other hand, surface form con-
sistency improves to the point where it almost
matches the surface form consistency between ref-
Model WER BLEU ↓ Lex ↑ Sur
TRI 22.2 19.9 9.72 11.54
training 24.0 19.9 9.84 12.09
inference 22.6 19.5 8.79 13.17
DIRMU 23.6 18.4 13.89 7.07
training 23.2 18.9 13.94 7.94
inference 24.0 18.7 12.63 9.29
Table 4: Direct optimization for consistency. We com-
pare training (§5.1) and inference (§5.2) approaches.
Bold font indicates the best score.
Consistency
Model WER BLEU Lex Sur Cor Cmb
DIRMU 23.6 18.4 13.9 7.1 .38 .46
CINDP 21.8 19.2 14.6 8.3 .33 .47
2ST 22.2 20.1 9.9 12.1 .39 .48
2ST/2 30.0 16.6 10.9 11.9 .45 .44
Table 5: Consistency vs. accuracy. CINDP achieves
better accuracy than DIRMU, but worse consistency
scores. 2ST/2 is trained on less data than 2ST, which
hurts its accuracy but not its consistency scores.
erence transcripts and translations (3.594, see Ta-
ble 3).
7.5 Consistency vs. Accuracy
Tables 2-3 tend to assign better consistency scores
to models with higher accuracy scores. We wish to
verify whether the trend is owed to the model char-
acteristics or whether this indicates that our met-
rics fail to decouple accuracy and consistency. To
this end, we again focus on English–German and
introduce two new model variants: First, CINDP
performs translation using CASC, but transcribes
with an independently trained direct model. Ex-
pectedly, such a model shows high accuracy but
low consistency, a hypothesis that is confirmed by
results in Table 5, contrasted against DIRMU. Sec-
ond, we train a weaker 2-stage model by using
only half the training data. For such a model, we
would expect lower accuracy but not lower con-
sistency, which is again confirmed by Table 5, at
least to some extent (lexical consistency is worse,
but the correlation measure improves). These find-
ings indicate that accuracy and consistency are in
fact reasonably well decoupled.
7.6 Qualitative Analysis
Manual inspection of the outputs of DIRMU and
TRI for the English–German model confirms our
intuition and the quantitative findings presented
above, namely that DIRMU suffers from consid-
DIRMU s Doctor King made that shift in thinking.
t
Dr. Keene
Dr. Keene
made
machte
this
diese
shift
Verschiebung
and
und
thinking.
Denkweise.
TRI s Dr. King made that shift in thinking.
t
Dr. King
Dr. King
made
machte
this
diese
shift
Verschiebung
in
im
thinking.
Denken.
Ref. s See, Dr. Kean made that shift in thinking.
Figure 6: Example for inconsistently spelled names
and an inconsistent function word when generating
transcript and translation separately using DIRMU.
DIRMU s Really advanced civilization based on it,
it dances in in energy.
t
A
Eine
really
wirklich
advanced
fortgeschrittene
civilization
Zivilisation
bases
basiert
on
auf
energy.
Energie.
TRI s Really advanced civilization is based on
advances in energy.
t
Really
Wirklich
advanced
fortschrittliche
civilization
Zivilisation
bases
basiert
on
auf
advances
Fortschritten
in
in
energy.
Energie.
Ref. s Really advanced civilization is based on
advances in energy.
Figure 7: Here, DIRMU makes inconsistent lexical
choices for transcript and translation, leading to a cor-
rect translation despite an incorrect transcript.
erable consistency issues due to transcripts and
translations being generated separately. Examples
in the decoded test data are in fact easy to spot,
while for TRI we do find any consistency prob-
lems. Figs. 6–8 show cherry-picked examples.
8 Related Work
To our knowledge there exists no prior work on
consistency for joint transcription and translation
of speech in particular, or other multitask con-
ditional sequence generation models in general.
The closest related prior work is perhaps Ribeiro
et al. (2019) who analyze the case of contra-
dictory model outputs in a question answering
task in which multiple different but highly related
questions are shown to the model. Other prior
work examines the tradeoff between transcription
and translation quality in more traditional speech
translation models theoretically (He and Deng,
2011) and empirically (He et al., 2011). Findings
indicate that optimizing for WER does not neces-
sarily lead to the best translations in a cascaded
speech translation model, which is in line with the
DIRMU s So the question is, can you actually get
that desert?
t
The
Die
question
Frage
is
ist
thus:
also:
can
Können
you
Sie
this
das
actually
tatsächlich
change?
verändern?
TRI s So the question is: Can you actually get
that to zero?
t
The
Die
question
Frage
is
ist
thus:
also:
can
Können
you
Sie
this
das
actually
tatsächlich
to
zu
zero
Null
bring
bringen?
Ref. s So the question is: Can you actually get
that to zero?
Figure 8: This is an example for DIRMU produces in-
correct outputs on both sides, with seemingly unrelated
semantics.
accuracy trade-offs observed in our experiment.
Concurrent work explores synchronous decoding
strategies for jointly transcribing and translating
speech, but does not discuss the issue of consis-
tency (Liu et al., 2020).
With regards to our consistency evaluation met-
rics, a closely related line of research is work
on quality estimation and cross-lingual similarity
metrics (Fonseca et al., 2019). An important dif-
ference of transcription/translation consistency is
that for purposes of assessing consistency there is
no directionality, and both input sequences can be
erroneous. It is therefore especially important for
metrics to be robust against errors on both sides.
Moreover, stylistic differences are often not ac-
counted for in this line of prior work. We note
the similarity of our proposed lexical consistency
metric to work by Popovic´ et al. (2011), and leave
it for future work to explore whether metrics from
other related work can and should be employed to
measure consistency.
Finally, producing transcripts alongside trans-
lations may be framed as producing an expla-
nation (the transcript) alongside the main output
(the translation). Research on explainable ma-
chine learning systems (Smith-renner et al., 2020,
and references therein) may shed light on desir-
able properties of these explanation from a usabil-
ity point of view, as well as questions related to
appropriate user interface design.
9 Conclusion
This paper investigates the task of jointly tran-
scribing and translating speech, which is relevant
for use cases in which both transcripts and transla-
tions are displayed to users. The main theme has
been the discussion of consistency between tran-
scripts and translations. To this end, we proposed
a notion of consistency and introduced techniques
to estimate it. We conducted a thorough compari-
son across a wide range of models, both traditional
and end-to-end trainable, with regards to both ac-
curacy and consistency. As important model in-
gredients, we found that a coupled inference pro-
cedure, where translations are conditioned on tran-
scripts through attention, is particularly helpful.
We also found that end-to-end training improves
consistency and translations but at the cost of de-
graded transcripts. We further introduced train-
ing and inference techniques that are effective at
further improving consistency, which we found to
also come with some trade-offs.
Future work should examine how consistency
correlates with user experience in practice and es-
tablish specific trade-offs for various use cases.
Moreover, our techniques are applicable to other
multi-task use-cases that could potentially benefit
from consistent outputs.
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